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To the Reader * 
The Ingenious and Free-hearted SE A-M AN. 


i Art, and for jour Art, but yet I hope to come off 
well emough iu both ; For as I doubt not your Pardown for 
the one; ſol am ſure it ts your Concerument to be the 

chicfeſt Party to promote the other. And though I have 
( perhaps ſomewhat too raſhly ) given the On-ſet, yet it was 
zot in Confidence of my own Skill or Power to effett it, but ox- 
ly to give youwan Alarm, ani preſent you with a ſure and cer- 
tain way ſor the Accompliſhment of (that which I hope you all 
heartily defire ) the Advancement of your Noble Art of 
Navigation. 

Twill not charge your Art with many Errours, they being 
lone ſince correited by a Skilful Hand : but yet none that have 
made any P;ogreſs into this Art, but ſhall find and confeſs, 
that it wants much of its deſired Perfection. For the Accom- 
pliſhment whereof, I am ſure there is no better way than this 
T have Preſcribed, and which by your Foynt- Endeavours might 
be eaſily effetted. | 

Among the reſt, there ate two things which will chiefly 
corauce to this Purpoſe. T he One us, to procure a good Method 
of the whole Art of Navigation to be Publiſhed and Eftabliſh> 
ea, The Other ts, that you would communicate your Obſervati= 
ons and Experiments, which would much help thoſe who ſhall 
undertake the Work, and ts the only means to bring the Art to 
Perfection. 

For the firſt of theſe T have done ſomething already in, my 
G2ometrical Seaman, which hath found better Acceptance 
from you than I expeited ;, and that hath in-ouraged me here to 
preſent you with another piece thereof, being [omewhat of 4 
hioher nature than the other. Fer as that performed _—_ 
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[| Have made ſomewiat a Bold Adventure, both upon your 
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To the Reader. 
by Geometry in 4 more true and exath way than formerly ws known ; 
this performs the ſame things much more exattly by Numbers, ana 
yet without the trouble of Calculation. For here all your Workys per- 
formed by New Tables, which I have Calculated for this Purpoſe ; 
which beins as it were a large Quadrat or Traverſe-Table, all your 
Numbers here are caſt up to your hand ; ſo that the Work will be as 
readily performed hereby a; by any little Inſtrument, but fur mere 
exattly, and with leſs danger of miſtaking the Numbers. 


Somenhat of this nature hath been done already by Mr. Norwood,” 


in his Seaman's PraQice - but whereas he only makes uſe of the Ta- 
ble of Sines, 1 have here ſhewed you the uſe alſo of the Tangents and 
Secants, which are both of great uſe, eſpecially the Secants, theſe be- 
ing indeed the chief Subject of this Book, © And as he ſhews how to 
keep the Account of a Ship's Way by the Table of Sines, after the 
manner of the Plain Chart 3 ſo by theſe Secants T ſhall ſhew you how 
ro keep your Account in any Laticude, according to the True Chart, 
and that without any Calculation, or without the help of Meridional 
Parts, much better than with them, This, as it s a thing of great 
Uſe and Service, ſo ( 1 think I may ſay) I am the firſt that ever 
thought of this way ; and as it was ſome content and pleaſure to me 
in the inventing thereof, ſo T hope it will be much more uſeful and pro- 
fitable to you.in the uſing thereof. 


Beſides, I have applyed theſe Tables of Sines, Tangents, and Se- 


cants i: ſuch 2 general way, firſt, to the DoFrine of PlainTriangles, 
aud then particularly to many other Concluſions, that you may almoſt 
apply them to any purpoſe, either in Sailing or Surveying, with much 
Eaſe and Expedition, | | | 

"The Second Part of this Book I intended but as a Part, or an Ap- 
pendix 70 the other, Jnthis, the Subjett handled, is about the way 
of finding the true Motion of a Ship, a thing as needful as the for- 
mer, or any other in the Art of Navigation. How I have acquitted 
my ſelf herein, Time and Experience will better manifeſt : for many 
of theſe Concluſions are but propoſed fer your Tryal and Approbarion : 
and yet I doubt not but you will find them very Prattical and Profita- 
ble towards the Advancement of this Admirable and Profitable Art 
of Navigation, which ts, and ſhall be the Joy and Delight of 


Your Philo-Nauticus, 
HENRY PHILLIPS, 


= Ka | 2 
_—_— 2 ES 


—_ 


i. 
_— 


#5 y 
Rt 
? $1 - 


; -— The Sea-Mans CANON of 
TRIANGLES. 


CHAP. L 
Shewing the Demonſtration, and general uſe of theſe Tables, 


Shall not here trouble my ſelf or you with the difiniti- 
on of thoſe common terms, v:z.. Arches, Lines, Pa- 
rallels, Perpendiculars, Angles, either right, oblique, 
obtuſe, or acute ; which muſt needs be known to you . 
already, if you have made any entrance into theſe Arts; The qe- 
” but yetit will not be amiſs to demonſtrate unto you what monſtrati- 
* theſe terms Sines, Tangents and Secants are, and how they on of the 
* Aſhew the proportion between a ſtrait Line,andthe Arch of a nature of 
Circle, waking up alwayes a right lined right angled Tri- _ 
. - | | gents 
. angle: which this figurewill demonſtrate to you, better ana *Se- 
./* rhen many words can define and expreſs, ' - - - | cant. 


” Oy. = _  . FW. 


The Sines you may fee are 
the parts of the Radius, or 
ſemidiameter D C, divided un- 
equally according to their pro- 
portion to the degrees or parts 
of the Arches of the Circle, 30, 
60, or the like. 

The Fangents are the per- 
pendicular lines either- erected 
or let fall at the end of the 


NS) 


© | Tangent 


—_— 


—— 


- 45 degrees to the Radius 


43 | 
þ 5 Radius, orſemidiameter of any 
4 S circle. Thus DB upward, or 
70 = D A downward, is the Tangent 
A 
A 


2 | The General uz of the Tables. 


The'Secants are the ſloap Lines CB or CA, which joyn 
The in- the ſaid Radius and Tangents together, making them a 


tent of the 


Tables of 
Sines, Ian- 


gents and 
Secants. 


Triangle: And this is all the intent of the Tables of Sines, 

Tangents and Secants, to give the true length of theſe 

Lines to any Arch of a Circle deſired. | 
And this they would perform admirable well, if the Ra- 


The defect dius orlength-of the Line CD would fall out to be alwayes 
of the or- One and the ſame, equal to the Radius of the Tables, or 
dinary Ta- any number that hath a viſible proportion thereunto, as 
bles of 100, 1000, 10009, 100000, or the like; for then the 


Sines,197- Tables without farther trouble, would ſhew you the ex- 
2cants. Act length-of your deſired Line, according to your Radius 
and Angle given, without any trouble, but only cutting off 
a Figure, or two, or three, from the end thereof. 
The reme. But becauſe this very ſeldom happens, therefore for the 
dy which moſt part men are forced to find out their deſired Numbers, 
though by the proportion which they have to theſe numbers in the 
_ exact Table; making ſometimes one of thoſe Lines ſtand for the 
nk hed Radius, and ſometimes another : For any of the three Lines 
ſome, may be made to ſtand for the Radius, and the other two 
Lines will be either Sines, Tangents or Secants thereto, and 
the proportion will alwayes hold, 
As the Radius of your Table, 1000, ro000;or 100000 parts, 

To the length of the Line which you make the Radius ; 
So 1s the Sine Tangent or Secant of-any Angle in the Tables, 

To the length of the Line required. 

And thus by the Golden Rule of Three, (as ſomecall it) 
or the Rule-of Proportion, ſome of the parts of a Triangle 
being known, the other may be found outthereby. 

Burt theſe operations, as they are unknown to ſome, ſo 
they are ſometimes troubleſome to thoſe who are beſt skil- 
led in Arithmerick, eſpecially when the Radius of the Ta- 
vles is larger then it need be; and therefore ſome for their 
eaſe herein make uſe of the Tables of Artificial Numbers or 

Theſe Ta- Logarithms. But though the Logarithms are of very good 
_ mi uſe in Spherical Triangles, where both the ſides, and the 
P:- Angles ſured by the Arches of a Circle; yet i 
dy andea- ANgIeS are meaſured by the Arches of a Circle; yet in 
ſie then Plain Triangles you may as well, or better perform this, by 


the Logae 
F 


f 


natural 
c 


A 
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> ene. 


your ſides (which you need not do, if you work by natura 
Numbers) you - may as ſoon reſolve your Angle, by one 


natural Numbers : For while you-look out the Logarithm of rithms, 
l which are 


trouble- 
ſome in 


Multiplication or Addition, if the Radius of your Tables theſe plain 


be not too large, which in moſt of theſe queſtions need not Triangles. 


exceed 10000. 
And therefore for the proof and explication of the fol- 


lowing way, I have in the end of the Tables added a brief 
Table of Sines, Tangents and Secants in Natural Num- 
bers, (being ſomewhat ſcarce to be had elſewhere) which 
Table is calculated to every Degree, and tenth Centeſm, or 
ſixth Minute of the Quadrant, and by the differences ad- 
ded, you may find any Angletoa minute or hundred part. 
By which Table if you pleaſe, you may ſometimes work 
your Queſtions, by which you ſhall better ſee the nature 
of the work, and examin the true performance thereof, 
when you doubt of any thing. 

But the way of theſe my new Tables is much more ready 
then any of theſe ways. For I have calculated theſe Tables 


that they anſwer to any Radius from one. to an hundred 
expreſly and exaCtly, without any further trouble, but only 
opening the Book, and turning to your Angle, or ſide de- 
ſired. For they are indeed an hundred ſeveral Tables all 
joyned in one Book. And though the greateſt expreſſed 
Radius doth not exceed an 100: yet this Number of an 
100 js as great a Number as you need put for any. Radius 
in moſt of theſe Queſtions. And if at any time your Ra- 
dius needs to be greater, it is but adding two of theſe 
Numbers together, fo you: have the like for any Number 
under 1000 Or 10000. 

For Example, take this propoſition, which is the 
moſt ordinary and uſefuleſt in the practice of Na- 
vigation, viz. By the Rumb and the Diſtance, to find 
the difference of Latitude and Longitude. 


Thefe are 
in . effeft 
- 100 ſeye- 
to every whole Degree of the Quadrant in ſuch a manner, ral Tables 
to an 100+ 
ſeyeral 
Radii. 
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c Thus let Diſtance ſailed be 
AC 100 miles,and the Rumb. * 
or Angle at A, North Eaftex- :: 

ly 60 Degrees - and therefore +: 

the Angle at C is the Com-_ > 

plement thereof, or z30.De- 

grees, and it is deſired to find 

the ſide AB, which is the 
| | difference of Latitude, and 
the fide B C,. which. is.,the difference of Longitude. 


—_ 7: © Bo perform this, the-ordinary Rules are thus, 
ing by the AS The Sine of the angle at B, Sine go d. 1000c, 
ordinary $ To the ſide oppoſed thereto, fide AC 100. 

Tables of Sq the Sine of the angle-at C,- Sine 30d. 5900, 

Sines, To the fide oppoſed:thereto, fide AB 50. 
_— So the Difference of Latitude is 50 Miles or Minutes. 
cants, - Then for. the Difference of Longitude, 

whichis a As the Sine of the angle at B, Sine g0d. 1co00, 


breviated, To the ſide oppoſite thereto, A C, 100. 
= Wea So the Sine-of the angle at A, Sine-60.d. 8660, 
"ReſeTz To theſide oppoſite thereto, BC 95.6 


bles. Sothe Difference of Longitude is 87 miles or minutes fere. 
- You ſee | the .trouble that there is-to find theſe ſides, 
which nk avoided, though the numbers were leſs, or 
though (. as Hhighefore) you ſhould work by Logarithms.z 


| 7 Only in ſucha caſe asthis, the fide A C which is the-Ra- 
'# dius, being juſt 100, and ſo, bearing a plain and viſible pro- 
Ac portion to the Radius 10000, being all one with ir, if you 


cut off the two laſt Cyphers; So likewiſe the other two 
ſides haye the ſame proportion to their oppoſite Sines, be- 
ing all one with the Sines thereof in the Table, only cutting 
oft the twe laſt figures ;' and thus they ſhew the ſides to be 
50, and 86.6, or 87 fexe; which would much ſhorten the 
| work, if it would ofren, or always fall out ſo.; but this ſel- 
7 dom happens, and cannot be expected in the uſe of the or- 
_ dinary Tables, which are limited and calcu/ated to one only 

Radius, of 1000, 10000, 100co0o, or the like. 


'But 
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But now theſe my new Tables, are calculated to any Ra- 


**: dius whatſoever, being. expreſs*'and exatt from 1 to 100, f 
2” (and may be made to ſerve very well to 1000, or 10000, x: 
2 witha very little more-labour, as you ſhall ſee preſently) ſo Tables, 
= thatlet you Radius be what number ſoever you have occaſt- | 


on to. uſe, you need only find out your Angles, or any one of 
the Angles at the top of the: Leaves, and your number of 
Diſtancein the ſide or Margent" af the Table, and in that 
Line under the:ſaid Angles, you ſhall find there both your 
ſides together, ready caſt up to your hand, without any fur- . 
ther trouble. - For in thoſe Tright-angled Triangles, thetwo 
acute Angles being alway -the Complement of each other, 
the ſides go always both together, as their Angles do,which 
are therefore fitly termed Coſines. TER : 
Thus in this Example,.if you turn over. the Tables till 
you come to the angles 60 d. or 30 d. which. are both to- 
gether, and 10ok down the {ide or margent for your diſtance 


©: Tun, which was 1co miles; which you ſhall find at the bot- 


tom of the right hand page ; you ſhall find in that line under 
the title of Sines, thoſe foreſaid numbers, 86. 60 parts for 
the one fide, and 50.00 parts for the other ſide; according to 
the former Calculation. a0 | | 
And thus you. ſhall always find your numbers ready caſt ,, 


up to your hand, let your Radius or given ſide be what it —_ 
will under 100. For Inſtance, | & rules well 
0.” for they 
5, are of 
great uſe 


Y \.. NM EE. a; 
The Radius or 20s The one 17. 32 :The other 10. 00 
the fide A'C 30, fide is '25. 98 ſides 35. 00 
being 40% © 34. 64. 20, 00 
= ? | | 
If your Radius be more than too, yet if it have a Cy- 
pher in-the laſt place, iis but altering the places of the fi- 
gure in the Table, ſetting the latter figures a place for- 


- warder,and putting a Cypher at the end thereof. . Thus, 


_ X.pes. 1V. pts. 
TheRadins 200 Theone 173.20 Theother 100. oo 
being 300 ſide is 259.80- -fſideis 150 09 

400 246. 40 © 200. 00 
Or 
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| 
i | Were 155. 


| 
| then for 55 


Or elſe at the moſt, it is but taking your numbers out at 
twice, and adding them together. Thus if your Radius 


N. pts, N. pts. 


Firſt, for 100, The one ſide is $6. 60 The other ſide is 50.00 


4-7. 63 27. 50 


I Which added together,make 


ble are all 


= 'F Fraction, or rather Centeſm 


ly in whole numbers, to any 


Ction thereof in 100 parts. 


Miles or U\the Tabu: 
Thus if |\Jfenutes We Num- 

| en |Centeſms { bers un- 
W111. » Peror Raf a Deg. ſider the 
tus be oles titles of 

\ Fathams |N. and 


Feer pts, ſtands 


134-13: 77-50 


pu” '; Why the This parting of the numbers in the Table inthe midſt is 
| ; numbers - of great uſe, for the marginal Radius being but to 100, the 
i in the Ta- firſt part. of the number 1n each Column, anſwers exactly to 


hy parted in £Ne {aid Radius expreſſed inthe Margent in whole numbers, 
j two parts, OT Integers, and the two figures following, is only a Decimal 


thereof, for the more exact- 


"i | | neſs; becauſe the firſt number very ſeldom falls out exat- 


of the ſaid Radii. And there- 


forc1 have titled all the Columes thus, 1V. pts. the IV ſhews- 
the whole numbers or Integers of your Summe or Meaſure, 
and the two laſt figures the parts or Fraction thereof. 

Now. though it be the beſt way, to reckon the way of 
L your Ship in Degrees and Centeſmes,or 100 parts : yet theſe 
Hy Tables will ferve for any other way of account, either by 
ns 108 Sca or Land, though you reckon by Leagues, Miles, or Mi- 
” nates, Chains, Poles, Fathoms, Feer, or Inches, or any other 
Mcaſure whatſoever. Always obſerving this Rule, that 
look what ſort of Meaſure ſoever the number which you 
look in the Margent is of, according to that meaſure, in the 
firſt part of the number in the Colume, ſhews the whole 
Leagucs, Miles, ©&c.. and the iwo laſt figures ſhews the Fra- 


Degrees \Then- the| Degrees and their 100 parts 
Leaoues |2 parts of | Leagues and their 100 parts 


Ailes or 
Minutes 
Centeſmes Card their 100 parts 
of a De fe 

Poles and their 100 parts 
Fathams and their 100 parts 
Feet and their 100 parts 


Cand their 106 parts 


llI:ches © for 


Inches and their 100 parts 
? ANY 


v1? + 
Ne ET IT END 5 


"7: - "SI 
7 2622- wan tr eeRab. >. 


th. 


a-—_—- 


The General Te of the Tables. 


Li Any of theſe Integers and parts you may uſe readily 
; J withoutanyReduction; yea though they are Fractions of 
| FraQtions, viz, 100 parts of 100 parts, yet they may be ad- 
ded and ſubſtraCted, as if they were all whole numbers, on- 
, 34 ly by placing them a place or two forwarder, which is a ; 
3 -greateaſe inthe way of Calculation. | 
_ Thus, for Example, if you reckon your Ships way in de- 
3} egrees and Centeſms of a Degree ; the firſt part of theſe 
' 7 numbers will ſtand for Degrees, the latter part for Cen- 
' 3 reſms; but then for exaQneſs, you will have many times 
/ <the 1coparts of theſe Centeſms fall in, which yet will be 
| without any trouble, either taken in, or left out : whereas 
 -otherFractions require Reduction. On the other ſide, if 
| youreckon your Ships way in Centeſins,and their r00 parts, 
' 1n the addition of your numbers, theſe Centeſms will 
make Degrees, whoſe number you may plainly ſee with- 
out any Reduction. 


we, 


Thus the angle being 30d. The angle being 60d. 


| the Sine of 545 Centeſms, or the ſine of 5045 Centeſms 
| 05d. 45 Centeſms. or 50d. 45 Centeſms. 
D.C. pts. D.C. pts. 
o5 deg. is 4 33» 50 deg. 25. CO. 
45 Centeſms 38.79 a5 Centeſms 22.50 
4.71.79 25. 22.59 


; By this you may ſee the - Tables will ſerve to any How to 
i number, almoſt you pleaſe, but with exaftneſs, to make the 
; 2ry number under ten thouſand ; for if you part your = _ 
civen Number or Radius in two parts, taking ſtill two any Race 
2:d two figures together, the Tables will give you the us under 


Sine, Tangent, or Secant of that Radius. 10009. 


Thus 


v4 
= 4 
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} 
& 
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Thus the Radius being 9999, and the Angle 3o deg, 


The Tangent of 30 d.] The Secant of 30d, 
57 16 99.00 Ig. lb. 

+ 16 00.99 I, 14 3t. 
67 73 I6| FI5. 45. 3L 


The Sineof 30d. 
For 99.00 8; 74 (99-0) 
For 00.90 85 740099 

$6 59 74 


Which Numbers you may cloſe in the Addition. and caſt 
away the two laſt Figures, as a Fraction of ſm:ll value, efpe- 
cially if it be leſs then 50; andif it be more then 50, you 
may add one to your Number for it, thus theſe Numbers 
will be 8660 fere 5773 (16 T1545 (31. 

Note this But here will be all the difficulty,that theſe Numbers ſome: 
well, for times having two Figures in both parts, and ſometimes three 
you muſt in the firſt, you mult be carcful how to part and place them, 
have care 25 you may ſee by- the laſt fore-named Secant. The beſt 
in pRecng ne? can give you is this, that always when your Number 
bers, Hath 4 Figures, and ſo you take them 2 and 2,the number of 
the two latter Figures muſt be ſet- ſo, that the two laſt-Fi- 
pures thereof muſt ſtand: quite beyond all the other Figures 
of the firſt number, and the reſt of the Figures muſt be pla- 
ced in their order under the firſt number, and thus doing it : 
it is no matter whether you keep them -apart, as they are 


ſet down in the Tables, or ſet them<cloſe together, as here, . 


and asI faid before, you may cut off thoſe two laſt Figures 
from your total ſum, as a FraQtion, or add one Integer to 
the fore-part of the number when it is aboye 50, and ſo it 
ſhall be agreeable to your Radius. 


Thus the Radius being 9999, and the Angle 60d. 


TheSine 'Fhe Tangent The Secant 
99,.CO 4950 99.00 17146 99.000 19800 
00.99 4959 00.99 17146 00.99 19899 
' 4999-50 17317.46 19998.00 
To make If you have occaſion to uſe a Radius that hath five or ſix 


the Tables Places, you may take It out at thrice, obſerving the ſame - 


ſerve to a rules, and ſetting the laſt Number one Figure forward for 
_ of five Figures, and two Figures forward for ſix. 


Thus 


ET FEES One” 
4#d Mora AE; os A et} 


on ted ett 


-or 6 Figures,yet you may take your number out at twice for 5 


A 
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Thus the Radius being 99995, the Angle 60 d. 


The Sine The Tangent The Sccant 

| For 00,99.9 4950 17,146 19800 
' For 00.00.5 0450 0866 1800 
' 49999-50 173183.26 199998.90 


Or in theſe large Numbers, though your Radivs have 5 ty nM 


to faye 


- the four firſt Figures,and either negleC the laſt Figure or Fi- wwch 
-£ures, or if they beabove 5 or 50, add a Unite to the two trouble, 


tormer Figures for them. 
And thus you ſce,that though the margjnal Radius of the 


Tables run but to 190, yet they may very well ſerve to any 
Radius under 100090,0r 100000, which will be as great (or 
.oreater) then you need to uſe at any time. 


Burt yet there is one yum theſeTablics may ſeem defcRive 
in, and that is, becauſe they are caſt'up only to whole De- 
grees of the Quadrant : So that if you have occaſion to 
find theſe things, for the Halfs, or Quarters, or Minutes, 
or Centeſins, or any other parts of Degrees, you arethen 
ſomewhat to ſeek. And this may ſeem the more confſider- 
ablc, becauſe the Angles of the Rumbs ſeldom happen to 
be juſt whole Deg: ces. 


Though this may ſeem ſomewhat conſiderable in con- ,,, Apolo- 


.ceit, yct incffeCt and praftice it will come to nothing. For py, ſhew- 


a Degree is ſo {mel a part upon ihe Sca-mans'Compals, that ing the 
It is impoſſible to ſteer a Ship ſo directly, that it {þall keep reaſon 
to the true pcint you reckon upon {o exily, but that you _ the 
may miſs a Degree or two (if not more) if you be not the caſt Hig 
More careful therein. And therefore ic wll be exact e- ty toexen 
nough for your account, if you reckon -upon juſt and even Degrees, 
Degrees, taking that Degree which is neareſt, either vnder 22d not to 
or over, and if there be any odd Minutes, or parts of a De- AUvn95 
Tree in your Angles, you need regard them no farther. wes, © 
But whereas the Rhumbs, and their Halfs and Quarters 
{ſeldom happen te be juſt even Degrees; and therefore ir hy 
=ightbe thought more convenient to have calculated theſe aq quar- 


Me Tables ters *c 
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ſet down Fables to theſe Rhumbs, and their parts- To this I an- 
__ . {wer ; that though it be good always to ſteer upon ſome 
Table, to Rhumb of your Compaſs or other, becauſe they are moſt 
thoſe De- Viſible thereon, yet-by reaſon of the variation of ihe Com- 
grees to paſs, (which you muſt always allow for in your account) 
—_ eq You wil have very ſeldom occaſion to keep your account ac- 
agree; & cording tothe Angles of the Rhumb, bur 3, 4, 5, and ſome- 
the true Times 10 or 12 Degrees to the Eaſt-ward or Wc<it-ward 
quantity thereof, according asthe variation of the Compaſs in that 
of their place requireth. And upon theſe conſiderations it would 
omni be much more trouble, or far leſs exaCt to allow for the ſaid 
F erate . 
% Minutes Variation in ſuch Rhumb Tables, then in theſe which 
according are Caſt up to every Degree : cach quarter part ofa Rhumb 
to the ulu- bezng almoſt three Degiees. Y 
my Fred Your beſt way of kceping your account 1n this reſpect, 1s 
may make Wit :o conſider the Rhumb upon wl.ich you fail according 
uſe if you £0 the direCtions of your Compaſs - then to conſtder the va- 
pleaſes riation of the Compaſs, and ſo to find the true Degree of 
your Coniſe from the Meridian, reckoning it to be North- 
Eaſt or South-Eaſt : North-Weſt or South-Weſt ſo many 
Degrees, taking ſtill chat Degree which is neareſt either un- 
Ger or over, and neglecting the odd Minutcs or Parts ; znd 
zi x0u be careful herein, that there be no other error then: 
tncſe odd Mirutes wilt take, your account -(I dare warrant 
yon) will be exact enough. 


Bar yet I confeſs, it would be much better in ſome caſcs, 


wicre the Angles are more exaRly known, if theſe Tables 

How to Were calculated to fome intermediate paris. But this would 
reckon Make them increaſe to ſo great a Volum, that few would go 
the Deg. tothe price; For if they {hould be calculated but to every 
of your 6th Minute,or tenth part of a Degree,this would make them 
onrit* ten times more then they are, which would take up 126 
Sheets of Paper in this Figure. But yet becauſe I would 

make theſe Tables as exz&-and uſeful as1 cculd, I have be- 
thought my ſelf of a way which ſhall almoſt as well perform 

this, without any ſuch increaſing of the Tables ; and this 1s 

by ſetting down the differences between each Degree, for 

every fifth Number or Radius, which differences are fo ſet 

in the parting of the Columns, that they take up little or 

no. room, an if you carefully proportion them thereby, 

C-* [| JOU 
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you may perform this buſineſs very exaGly : but if you be 


| = — __y make your error worſe by your curio- 
ſity, and therefore for your b<tter direQtion herci 

££ n, take 
theſe Inſtrſictions. . 


» om x 
Firſt, That theſe Figures, thus placed, ſometimes upward Theſe 
and ſometimes downward, expreſs the difference which is *7anver- 
between the Degrees wherein they are placed, and the De- __— 
gree inthe Leaf following or preceeding, and not berween facw 
Line and Line: Forthat is ncedleſs — 
eſs to ſhew, being better difference 
found by the alteration of the Radins, for if you obſerye the between 
—_ - — that ſhews the difference between _— 
"om ! —_ ie 
_— = - wary being made by a continual additi- Theſe dif. 
Secondly, That this difference here fet down, belongs belong 
properly to the middle Number of that ſpace wherein it is Properly 
placed - but yet will ſerve well enough for any of the other 2 the 
in the ſaid ſpace, if the difference between that and the _ 
next ſpace be not too great, and then if you will beſtow the as the 
pains you may proportion It. ſpace. 
Thirdly, Theſe differences are parted into two parts by a 3 
(.) or point, upon theſame account which the Numbers in The dit- 
the Colvmns are parted ; fo that the firſt Figures or Part ——_ 
vo > m_ —_— whole Numbers, in reſpect of es : 
ius ; and the other Figur l j 
che hondred — gures af;er the Point ſtand for — 
7 urt 4: as the Co- 
BY mar — Hom differences for the moſt part reſpeCt the jumes are: 
g Degree, according to the ſucceſſion of the num- 4 
ber of the Degrees in the Table; and therefore they ere Theſe dit- 
placed ſometimes looking downward, and ſoneriumcs nds 9g ay 
ing upward,according as the Degrees are forwarder or back: _— 
warder in the Book. For as the one half of the De Dr 
from 1 to-45 go forward, {: ite pp arg 
45 go forward, 1o theſe difterences therein look Degree 
downward, and reſpect the following Degree, both accor- *9vard 
ding to their number and place in the Book. But then at © 
45 the D-grees of the Table turn back again, and ſo run ps 
backward to 99 Degrees, and therefore in theſe the diffe- 
rences are Placed to look vpward, or as it were backward 
in reſpect of the Book, buc yer are forward, according the 
the wr of the Degrees in the Tables. Y __ 
Fifthly, 1.50k which way thoſe differences look, they are 
* C2 moſt 
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5 _ moſt properly to be added to the parts or. minutes of the 
Thele dif- gext degree that way 3 ſo that if they look downward, they 
<rexces muſt beaddedto the Degree in the following Leaf z, if they 
:14d-4 to look upward, they mult be added to the Degree in the fore- 
thedegree going Leaf of the Book : but yet you may ſubſtract them 
torard ( without much Errour) from the Degree from which they 
VWHRICN ook. 

_A_ Sixthly, In the two Columes of Sines they are placed 
frateas ſomewhat otherwiſe than they are in the Tangents and Se- 
the other cants, ( ſo that they are to be ſubſtraCtted as the Degrees in- 
WAY. creaſe) yet the former Rule concerning, them, holds good 
the 1:0. in theſe alſo, that they muſt be added or ſubſtracted ro or 
forence in from that Degice toward which they look ; ſo that if they 
the Sines 100k downward, they muſt be added tothe Degree in the 
mutt b2o fojlowing Leaf; and if they look upward, they muſt be ad- 
add-d Qed to the Degree in the foregoing Leaf, though it be con- 
ant trary tothe order of the number of the Degrees. 

der ofthe Seventhly, As this difterence muſt be added to the De» 
Degrees grees wherein they are, when they look forward or down-+ 
inthe Ta- ward ; ſo they mult be ſubſtracted from theDegrecs m which 
es they are, when they look upward, or backward. And this 
Theaig Subſtraction, though it. ſeldom or never is uſed in the Tan- 
ference in Z2NtsS Or. S-cants 3. yet 1n the Sines both muſt be conſtantly 
the Sines uſed ; and you muſt ordinarily firſt begin with Subſtraction. 
is ſo P10- For theſe two Columes being the Sine and Cofine of your 
pgs Rags, if the one be ſhorter, the other muſt needs be lon- 
may be ger, the Radius being the ſame. Therefore your ficſt ſide, 
added or. Or that which lies under your angle, being always the ſide 
ſublliat- of Latitude, if that be to be ſubſtrated from ; then on 
ed ac- the contrary, the other ſide being the ſide of Longitude, 


wang mutt have a proportional addition according to the dif- 


afpez ference thereof, that ſo the three ſides may make up a per- 

without feft rignt angled Triangle. 

_ any Er- This 1s the hardeſt part of this work, for the prgportion- 

zur. jag of theſe Tables, and yet the moſt uſeful, and therefore 
I ihall make this, and moſt of the reſt plain by this 
Example, | 


b 
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Let your angleat A be 30 deg. and an half, and the num-- 
ber of your Radius or ſide AC 53, and it is required to 


| find the ſides A Band B C. 


Firſt, theſe Tables ſhew you ( as you may ſee by this 


| piece thereof.) that-if your angle were juft zo degrees, the 


number of your Radius or ſide being 53, the longeſt ſide 


- ſhould be 45.90 parts, and the ſhorteſt ſide, 26. 50- 
= Parts. 


But in the ſecond place, becauſe your angle is not juſt 30 
deg, bu: 30 deg. and an half, if you will proportion thei 
fides, according to the difference between this degree and: 
tlie next,which is 31.deg.you ſee the difference for this ſpace 
of the Fable ar 53, in che one Colume is 0.46, which muſt 


- be fubſtrated, becauſe it looks upward from the following 
degree.. Now the halfof this being 0:23 parts, being ſob- 1. 
ſtrated from 45,90 parts, there remains 45.67 partsfor the gyh, 23, 


iaid fide corrected. . 
Qu the contrary, thg difference of the Coſine in the other ,- 
| Colume 


- tibia —_—_ 
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26. 50. Colume being 0.80 parts, which looketh downward, muſt 

ad 40. be added to the other ſide, the half therefore of this Differ- 

——- ence being 40, muſt be added to the other ſide, which is 

26, 90.+26.50 parts, which makes it 26.90 parts. And thus you 
have exactly the two ſides belonging to this Radius 53, and 
theangles 3o d.$, and 59 d. 5, v!X. 45467 parts, and 26.90 
parts, as you may ſee plainly, if you compare it with 
the following Leaf. 


And as here you ſee the way of work for a half degree.. 


{o.you may do the like for a third, or aquarter, or a tenih, 
or any other part of aDegree proportioning the difference 
in the Table accordingly : and if you will be ſo curious, by 
the Table of Proportion ( following all the reſt of the Ta-- 
bles ) you may almoſt proportion it to a Minute, but very 
readily to 3 minutes, or 33+ parts of a degree. And thus 
thoſe differences being fitly applyed, will make the Tables 
as exact and uſeful, as if they were calculated to every tenth 
=_ of a Degree, and fo increaſed ten times more in 
ulk. 

Note this Lalt of all, ifthe proportioning of theſe Differences ſeem 
well, for it too troubleſome, in molt queſtions of Navigation, you may 
will much wholly negle& them ; or, at the moft,all I would wiſh you to 
wg _ do, is thus, that when the Differences come to be great, ſo 
that they may alter your number, an Integer or two, then 
you may take notice of theſe differences, and proportion 
them according to the former Rule : Wherein alſo the Ta- 
bles themſelves will diret you when to add, and when to 
ſabſtraQt ; if you turn but over the Leaf, and ſee whether the 
next D:gree be more or leſs, in the correſpendent place 

thereto. And this is the ſureſt Rule of all. NY 


—— 


CHAP. I. 


Shewing the General Uſe of theſe Tables, in the Reſclution 
of all Right-lined Triangles. 


y_—_ I come to the Calculaticn of theſe Triangles, give 

melcaie to ſhew you ſome general Obſervations, tor 

yn your bettcr underſtanding and proceeding therein. 
EF ; 

. I. A 
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1. A Trianple is a figure conſtituted by the conjunttion, 
connexion, or interfeCtion of the three ſides or lines there- 
of, in the three angles or meeting places thereof, So that 
every Triangle hath ſix diſtinct parts, Y:z. the three ſides, 
and the three angles. | 

2, Theangles of a Triangle are meaſuted by the Arches 
of a Circle ; which is ordinarily divided into four Qna- 
drants ; each Quadrant having 9o Degrees, and each De- 
gree 60 Minutes, or 100 Centeſms, and according to the 
quantity of theſe Arches, they are called either Right an-- 


gled, or Oblique angled Friangles. | 
' 3. A Right angled Triangle, is that which hath one an- 


gle thereof ( and it can have but one angle neither) equal to. 


the Quadrant ofa Tircle, or juſt go Degrees : all others are 
Oblique angled Triangles. 


4- Oblique Triangles are either Acute or Obtuſe. IF: 


they have all their angles leſs than Quadrants, then they are 
acute angles; if they have one ( and they can have but one) 


angle greater thana Quadrant, then they are called Obtuſe 


angled Tilangles, 
5+ The three angles of any right Triangle, are equal to- 
two Quadrants,.or halfa Circle, being 130 Degrees : So 


that any twoof the angles being known, the third angle is 


the complement thereof to 180 Degrees. 

6. This is ſomewhat more readily. found ina Right an- 
gled Triangle for there the right angle being a Quadrant 
or go D-grees, any one of the acute angles being known z 
the other is the complement thereof ro go Degrees. Now 
theſe and allother modern Tables of Sines, Tangents and 
Secants, are {o framed, that they proceed forward only to 
45 Degrees, being half the Quadrant; and then they turn 
back again till you come to 9o Degrees, by which means you 
have the acute angle ; and the complement thereof to 9o 
Degrees always joyned together, without any further trou- 
ble, which are therefore ficly by Mr. Gznter and others, cal- 
I:d Coſines and Cotangents. 

7. If any angle be g:eater than 9o Degrees, ( and ſo not 
to be found in the Tables) take the complement thereof to 
180 D.grees, and work by that, and your work will be all 


one. Or elſe (as theſe Tables are framed ) you may uſe the 
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Coſine, or Cotangent of the exceſs above go Deg. which is 
all one with the complement of 180 Degrees. 

8. The ſides of any you Triavgle may be meaſured by 
any Meaſure or Scale of equal parts, as Inches, Feet, Yards, 
Poles, Miles, Leagues. 

9. Any thee parts ofa Triangle being known, the other 
three may be known thereby ; unleſs it be the three angles 
only of a Right-lined Triangle, and then the proportion 
of the ſides may be found, though not their Length. Now 
this finding of ſome parts of a Triangle by the other, is very 
neceſſary. For ſometimes you may come to meaſure the ſides 
of a Triangle, and have no Inſtruments to take the angles : 
at other times you may obſerye the angles, and cannot come 
to meaſure the ſides : Now herein ſome kind of Calculation 
is very neceſſary ; and from hence ariſeth the ſeveral Caſes 
of a Triangle, as ſometimes two ſides are known, and but 
one angle; ſometimes two angles are given, and but one 
fide, To 

Tn moſt of which caſes, this is a General Rule, that the 


ſides and angles have a mutual Proportion each to the other: 


ſo that they are known by their oppoſition one:to another ; 
which obſerved, will reſolve moſt caſes in Triangles. For 
this is truc.in all Triangles ; 


As the Sine of any Angle, 

To the parts of the ſide oppoſed thereunto:; 
So is the Sine of any other Angle, 

Ts the parts of the = oppoſed thereunto. 


I, 
As the parts of the ſide of any Triangle, 
To the Sine of the angle oppoſed thereto : 
So the parts of any other ſide of that Triangle, 
To the Sine of.the Angle oppoſed thereunto. 


10. Thcre is ſome difference among Authors in the de- 
nomination of the three lines of a Right angled Triangle. 
Some call the floap ſide, the Baſe ; and the: other two lines 
the greater and the leſſer ſide. Others call the lower of 
the'two ſides, the Baſe ; the other of them, the Perpendicu: 
lar z and the flop fide, Hypothenuſel. It is no great mat- 

” 


cer 
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h is ter which way you call them, ſo you underſtand which you 
mean : But in the Art of Navigation, -it will not be unfit to 
1 by © call one of theſe ſides, the Parallel ſide, or fide of Longitude ; 


rds, : the other the Perpendicular ſide, or ſid: of Latitude and the 
- Hypothenuſal, the ſide of Diſtance. 

ther Theſe things premiſed, I ſhall-briefly run over -the ſeveral 
gles Caſes of Right-lined Triangles, joyning two Caſes together, 
100 becauſe theſe Tables will perform two or -three things very 
Tow well together. And I ſhall ſhew you how to do this two 
cry ways, firſt by the ordinary Tables of Sines, Tangentsand Se- 
des cants,which-is abbreviated, and joyned to theſe new Tables: 
es: orif you pleaſe, you may work them by the Tables of Loga- 
me : rithms ; either of which the Rules will agree to z and then 
jon __ I ſhall ſhew you how to perform them by my new Tables 3 
\ſes whereby you may the better ſee, not only their eaſe and 
but readineſs, but their ſufficiency and exactneſs. 

NC 

1 Caſe. 


the The angles and Hypothenuſal given 


er; To find both the other ſides ; 
r; The fide A Cis 82, the angles at A 
Or 4 and C JO d. and 60 d. 
To find this by Calculation, the 
Rule is'thus, | 
As the Radius, or whole Sine, —— 
To the Hypothenuſal ; lations, 
So the Sine of either of the angles, 
To the ſide oppoſed to the faid 
angle. 
" A 
' Thus a5 R 10000, to AC 82 : : ſoſine 30d. 5ooo, to BC 41. 
And as R rco000, to AC $2: : ſo ſine 60d. 8660, to AB 71. 
k To perform this by theſe Tables. 
c Turn to cither of the Oblique angles, either 30 d. or 60d. , 
( for you ſhall find them both rogether, the one being the Aber 
'- 2 Complement of the other ) and look down the —_— - Tables, 
| l a y 
T ] = 
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fide. 

Here, take notice that in theſe Tables, the greater ſide- 
falls under the leſſer angle, and the leſſer ſide under the 
greater angle, 71,01 parts, being: under the angle of 30d. 
and 41-00 parts, under the angle of 60 deg. which ſhould 
not be,for the greater angle doth always require the creater 
ſide. But this is no fault in the Tables, they being thus 
tranſpoſed on purpoſe upon good reaſon, as you ſhall ſee 
hereafter ; and it is to be underſtood always, that the 
greater angle requires the greater ſide. | 


The 2 and 3 Caſes. 


| "a | | 2 Caſe by the angles 
& 5 2nd one of the fides hk 
to find the other ſides. 


3 Caſe by the angles, 
and one of the ſidcs ; to- 
find the Hypothenuſal. 


Tiis might be per- 
formed by the oppoſition of the ſtdes to the angles, as be- 
fore. But it is better to perform it by the Tangents and 
Secants. Thus the ſide given AB 71, being made the Ra- 
dius; the ſide B C will be the Tangent thereof ; and the 
Hypothenuſal A C will be the Secant thereof. 


So that as the Radins 10000; 


To the ſide of A B71, 
By Calcu- Sothe Tangent of 30d. $774- 
Uo, To the fide B C 40-995 


And'fo likewiſe is the Secant” of 3odeg. 17321, 
_ TFothe Hypothenuſal AC: 81.9837. 


To 


Ow 
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* Tangent of 30 deg. you ſhall find 40.99 parts, and alſo in 


... the lame Line for the Secant of 3od. you ſhill have 81.98 
Parts, which is the juſt length of the two ſides, being 41, 


and 82 very near, according to the Figure. 


The like you ſhall find, it che ſide CB were the Radius ; 

' For finding this ſide C B 41 in the Margent, the Tangent of 

. theangle ar 60d. will be found to be 751.01 parts, and the 

+ Secant of the ſaid angle of 60d. is juſt 82.00 parts, which 
in effect is the ſame with the other. 


The 4 and 5 Caſes. 


The 4 Caſe. By the'two ſides,to find either of the Angles. 
The 5 Caſe. By the two ſides to find the Hypothenuſal. 


In the former Figure, 
Making the fide A B the Radius, 


As the one ſide A B 
To the other ſide B C 


So the Radius 


10000 


To the Tangent of the AngleC 30.5775 


The Square of 71 is 
The Square of 41 is 


Which together makes 
Which is the Square of $2,0r very near; the true Square 
being 6724. 


Multiply 41, by 1000, it makes 41000, which divided 

by 71, makes 5775, which is the Tangent of 30 d. fere. 
| Thus you have the Angle at A. But for the fide A C, you 
- muſt work again by the 3 Caſe, and find it by the Secant. Or 
-” elſe you may find it by adding the ſquares of the two fides 
' together, and ſubſtraCt the root thereof, and it 1s the Hy- 
pothenuſal. 


"$O&T 


1680 
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But 


To perform this by the Tables, find out your Center By theſe 
angle at A, which is 30 deg. in your Tables, and look Tables. 
down the Margent of the Leaf, till you come to the number 
' of your ſide AB, which is 71; and in that Line forthe 


By calctt- 


lation 
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To per- 
form this 
by theſe 
Tables. 


But this is far more readily performed by theſe Tables, 
as thus; you muſt conceive the ſide A B, being the Radius, 
the ſide BC is the Tangent, and the ſide A Cas the Secant 
of. the center Angleat A. Therefore turn over the Leaves. 
ef the Table, ſtill obſerving the Radius, which is 71 in the 
Margent, till you find the orher Number, which is 41, un- 
der ſome one of the Tangents, which you ſhall find under 
the Tangent of 3o deg. where againſt 41 in the Margent. . 
you ſhall have 40.99 parts for the Tangent, therefore the 
Angle is very near 30 Degrees, 

And thus having found the Angle of the Tangent ſide to 
be 3odeg. look in the ſame Line for the Secant of this An- 
gle, and you ſhall find 81.98, or 82 fere, for the Hypothe- 
nuſal A C. Thus negleCting theſe ſmaller Fraftions, you may 
conclude the Angleis 3o deg. and the Hypothenuſal 82. 

The ſame you ſh2ll find, if you made the fide B C 41 the 
Radius, forapainſt 41 under the Angle 60, you ſhall find the 
Tangext to be 71.01 parts, or 71 very nearly, and the Se- 
Caut thereof is 82.00 very exactly. 


The 6 and 7 Caſes. 


6 Caſe. One of the 
ſides,and the Hypothe- 
nufal given, to findthe 
Angles. 

7 Caſe. One of the 
fides, and the Hypothe= 
nuſal; to find the other 
fide. £ 

This by- calculation 
muſt be performed at two operations, as before, firſt,to find 
the Angle at the Center A; then to find the fide C B oppoſed 
thereto, as thus, 


As the ſide AB 71 
To the fide A O 82 
So the Radius x 0000 


To the Secant of the Angle 30 d. 11549 
' Multiply 
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Multiply 82 by 10000, it is 820000, which divide by 72; 
the Quotient is 11549. the Secant.of 30d. fere. 

4 the ſide B ©, is the Tangent of. this angle, as in the 
3 Cale. 

Or elſe ſubſtract the ſquare of the ſide known, from the 
ſquare of the Hypothenuſal, and there remains the ſquare 
of the other fide, 


The ſquare of che Hypothenufal '82 is 6724. 
The ſquare of the ſide A B 71 is 5041 


" Which ſubſtracted, there reſts 1683. 
Which is the ſquare of 41, the third ſide, or very near 
the true ſquare, being 1681, this difference js 12 the angle, 


not.in the rule of ſquares, 


To perform this by theſe Tables, the work is only thus, By theſe 
you muſt make the ſide known A B 71 your Radius, and the Tables. 


ſide AC 82 the Secant thereof : Look over the Tables 


- therefore, till you find $2 in the Table of Secants.againſt 71 
- inthe Margent of any Leaf, and this you ſhall find under 
- the angle of 30, where againſt 71 in the Margent, you ſhall 
+ find 81.98 parts for the Secant of that Radius. This is 


therefore the true angle thereof. 
Then for: the ſide B C, it is only the Tangent .of this 
angle, which you ſhall find in the ſame Line, under the 


; Tangent of 30 to be 40.99-or 41- 


The fame you ſhall find, if you made the fide B C Radius, 


: forthe Secant of 41 is 82.00 parts, under the angle of 60 
| Degrees. Andthe Tangent thereof is 71.01 parts, or 71. 


Very NEAT. . 


_ 
E ellis. 4d V 
- 
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The$ Caſe. 
Of Oblique Triangles, 


"The Angles being known and one of the ſides, to find 


the other two ſides. 


In the Triangle ABC, the angle at A is 30, the angle at 


B is 45d. the ſide BCis 29. 


This rules true in all Triangles,whether Right or Olique. 


» The 
Sines in 
theſe Ta- 
bles being 
inverted, 
ſhew the 
Comple- 
ments of 
the angles, 
in reſpect 
of their 
titles, {0 
that you 
muſt be 
careful in 
which Cos 
lumn you 


4 oy To perform this by theſe Tables, turn to the angle given, 


and there Which 1s 30d. and there you * ſhould look down that Co- 
is nogreat lumn of Sines, till you meet with your given ſide, which is 
danger of 29: but becauſetheſe two Columns of Sines are tranſpoſed, 
echo. 100k down the Column under 60 till you meet with your ſide 
1e other, - ——_ "v5 ay n 
becauſe * 29» and mark well in what Line it ſtands, which is againſt 
the 58 in the Margent. Then turrto the other angle, which 


Triangle 1s 45d. and in that very Line of the Tables againſt 58 in 


As the Sine of any angle A 30 deg. 5000 
To the ſide oppoſed thereunto, C B . 29 
So is the Sine of any other angle, as B 45 deg. 7071 
To the ſide oppoſed thereto. A C "$$ 


will thew the Margent you ſhall have 41.01 parts, for the other ſide. 


—_— A C which is required, 


las is And foif you would know the fide A B oppoſed to tle 
molt like- angle C, wnich 1s Io5 deg, you muſt do the like, only be- 
ly to be cauſe this angle exceeds go deg. you muſt take the comple- 
taks.. e ment 


Pg 


Ld 


_ ys 2 
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; ment thereof to 1 380, or the Coſine of the exceſs above 90 d, 
4 either of which 1s 75:deg. and under this angle, you ſhall 
3 find againſt58 in the Margent 56.03 parts, or 55 for the 
* fideAB. 


, The 9 Caſe 


3 Two ſides with an angle oppoſed to one of them being 
at 2 given; to find the other angles, and the other ſide. 


This rule is alfo true in all Triangles, being but the con- By calculas- 
verſe of the former z for the ſides and the angles have a mu- tion. 
tual proportion one to the other. So that 


As the ſide oppoſed to the'angle given 29. 
Is to the Sine of the ſaid angle 30 deg. 5000 
So the ſide oppoſed ro the angle required 41 


n: | To the Sine of the ſaid angle 45 d.7071 

Fl ; Turn to the Sine of the angle given,.- which is 30, (but Tg per- 
J, KY you mult take the complement thereof, which is 60, becauſe fcrm this 
bs the Tables are tranſpoſed) and there look down that Co- by the 
Fi Ivumn, until you find your given ſide 29, which you may ob- Tabs: 
h ſerve to ſtand juſt againſt 58 in the Margent. Mark this 

bn marginal number,and turn over the Tables,Leaf by Leaf,cill 

le you find your other given ſide, which is 41, jult in the like 


Line againſt 58 inthe Margent, and this you ſhall find un- 
der the Sine of 45 deg. where the number againſt 58 1s 
41.01 which being ſo near, you may conclude it to be the 
angle ſought for. ; 

Thus 
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Thus theſe two angles being found, the angle at A 39, 
and the angle at B 45, being added together, make 75 ; 
which ſubſtrated out of 180, there remains 105 d. for the 
angleat C; and ſo you may fiad-the ſide oppoſed thereto, 
by the forme: Rule in the 8 Caſe. 


The Io and 11 Caſes. 


E OT 


SY OO GwWwwuwgusG ooo oosN 


"%, Ft 6 B on” - 
*Z 


10 Caſe. Two ſides with the angle contained, beinp given, 
to find the angles. 1x Cafe. Andalſoro find thethird ſide. 
In the Triangle A CD, let the fide A C be known tobe 
41, and the fide AD 56, and the angle between them at A 
30d. andit is required to find the other angles at C and at 


D, andalſo the ſide CD, 
As the ſumme of the ſides AC 41 and AD 56 97 
To the difference of the ſaid ſides, I5 


So the Tangent of haif the angles unknown 75 d. 37321 
To the Tang. of the difference of the angl. 3od. 5771 
half os Which added to the half of the angles ſhews the greater 

30 angle; and ſubſtrafted-fromrit, ſhews the leſſer angle. 

144.47 , And thus having all theangles, the ſide will be found as'in 
ITY - the 8 Caſe by the oppoſite angle. 

#7 But it will be as good a way to reduce this Oblique Tri- 
angle into two Right-lined Triangles ; which may thus be 
done by letting fall the Perpendicul. CB. To perform which, 

1, Forthe Right angte A B C you have the Hypothenu- 
ſal AC4r, and the angle-at A 30 d. therefore by the firſt 
Caſe the two ſides will be CB 20.50 parts, and AB 35-51 
PaTlts, Or 35z- 
2, Then ſubſtraCt this ſide, 35.50 parts, from the whole 
Line 


Yd * 6y 
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Line A D 56, there remains 20.50 parts, and thus you have 
the two ſides of the other Right angle CBD, CB being 
20%, BD 203, and ſo by the fourth and fifth Caſes, the 
Tangent of either angle is45 deg. and the Secant thereof 29, 
vill be the third ſide. And thus you ſhall not only have the 
ſ2id ſide and angles, but all the other parts of the Triangle. 


In this operation,. ſometimes the perpendicular will fall z gcong 
without the Triangle (which muſt needs be ſo, when you Example 
have an obfruſe angle contained between the two given ſides) of theſe 
then the work may ſeem.to be otherwiſe, but ic is the ſamg.twoCaſes, 


In effect. 
As in the Triangle AEC, ſuppoſe the twofides AE 15, 


and EC 29, and the angle between them being 135 degrees 
were only known, and 1t were required to find the other 
-Jide and the angles. | 


In this caſe it will be helpful to you to draw out your Tri- 
angle with your Ruler and Compaſſes, and ſo you will ſce 
that, if yon produce the fide A E to D, and let fall the per- 
pendicular from the point C, it will fall at B, without the 
"Triangle aforeſaid. And thus you have the right angledTri- 
:angle E C B,whoſe Hypothenuſal A Czis known to be 29,and 
the angleat E muſt needs be the complement of the obtuſe 


Angle given, to 180 degrees, which being 135 deg. this is 


45 deg. and thus having this angle and the Hypothenuſal, 
you ſhall find the fides of this right angled Triangle by the 
firſt Caſe. The perpendicular fide being 203, and the fide 
E - to be-2c&. Thus you have one right angled Triangle 
* Now for the other right angled Triangle A C B, add the: 
#ide E B 2054 to the fide A E of the Oblique Triangle, which 
: was 15, It makes the whole Line A B to b= 355. And thus 


. you haye the two fides of the other right angled Triangle, 
; viz, the perpendicular C B, 2c3,and the fide A B 354, and 
- 1o by the fourth ahd fifth Caſes,making A B the Radius, you 
hall find the angle at A to be 30 degrees, and the Secant 


thereof ſhews the ſide AC to be 41. Thus you have all 


' the three ſides of the Triangle AEC, 2nd two of the 


Angles, viz. the ngle at A 30 deg. and the angle atE 155, 
and the angle at 4 is the complement of theſe two, to 180 
degrees, which muſt needs be 15 degrees. 

En The 
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 Hpving the three ſides tofind the Angles. 


In this Triangle A CD let the three ſides be known; 
The ſide A C 41 
viz. TheſideCD 29 
The fide AD 56 


' And it is required to find the three Angles thereby. 

'To perform this, you muſt firſt let fall a Perpendicular 
from the point-C upon the fide AD; which you may do by- 
ſetting one Foot of your Compaſles in the-point-O, and o- 
pening the other to the point D, draw the Arch D E, and 
mark where this Arch cuts the Line at E, and divide the 
en E D into two equal parts, ſo the perpendicular will- 
4 | 


|| upon the point B; 


But to perform this more exaQtly by Numbers... 


: j j ; As the greater fide A D. 56: 
nm lt To the Sum of the other two 41 and 29 70. 


; 1 Fi | $0 the difference of theſe two ſides I2 
i" of | To the part AE cut off by the Arch DBE x5 


Fill This ſubſtraCted from the whole Line 56, leaves for the. 
| : part within the arch 41, the half whereof is 2c*, which is. 
the place B, where the Perpendicular will fall;reckoned from. 

if the. angle D, and by this Perpendicplar you- have divided 
the 


. as briefly as1-can, 
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-the Triangle into two right Angles,wheoſe ſides are known; 
[for D B being 26+, ſubſtratted from the whole Line A D' 
i-56, leaves for the remaining part B A 353. 


Now having theſe two ſides, of theſe two right angled 


Triangles, and the two firſt given ſides 29, and 41 being the 
.two Hypothenuſals thereof, you:may cither by the oppoſi- 
-tion of ſides to their angles, as in the 8 Caſe, or by ſides 


and Hypothenuſal, as in the's Caſe kind the-angles- 
Theſe are all, or the moſt needfal Caſes,in the reſolution 
of plain Triangles : which might have been ſet forth with 


; much yariety and inlargement : but I rather ſtrive to ſhew 


the beſt and plaineſt way. And if any thing herein prove 


* difticulr,ic is ſuch caſes as there will be of leaſtuſe in our in- 


tended buſineſs of Navigation. 


þ CY 


—_ 


CHAP, IILT. 
"Of Sailing by the Plain Chart. 


, 14s premiſed ſomething in the former Chapters, ne- 


ceſſary for the underſtanding the ground:work of the 


. Tables, and the reſolution of plain Triangles in general: 


I ſhall now ſhew the particular application thereof in the 


- moſt uſeful queſtions of Navigation. And herein I ſhall not 
. multiply many needleſs Queſtions, nor ſtrive to branch 
' them -out into their ſeveral Varieties; but firſt ſhall 


give you thoſe which are moſt uſual and neceſſary, and then 
(if occaſion permit) ſhew you ſome which may be.leſs.uſual, 
The firſ Propoſition. 


The firſt and moſt uſual queſtionin Navigation, 1s this: 
By the knowledge ofthe Rhamb or Courſe you fail upon, 


* and the diſtance of Miles, Leagnes, &c.* that you fail there- 


on : to know your difference of Latitude and Longitude ? 

'Tnat 1s, how much you are more Northerly or Southerly, 

in reſpe& of Latitude -? and how much you are more 

Eaſterly or Weſterly, in reſpeC&t of Longitude ? 

This is the moſt ordinary manner of keeping 2n —_ 
| .0 
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The way of the Ships way, which is uſually called Ak reckon © 


of keep- ing * And to keep this account, firſt you ſee, that the know- 
mg Ul ledgeof the Rhumb they ſail upon is-always ſuppoſed to be 
Cow had, becauſe the Compaſs by which they ſteer, either doth, 
verſe or Or ſhould ſhew the ſame exactly. And therefore to this 
dead rec- purpoſe the Sea-man ought to be very careful of his Com- 
koning. paſs, that it be exactly made, and skilfully ordered, in re- 
ſpect of the variation, which in moſt places it is ſubject to ; 
which muſt be carefully found out, and allowed for. Se- 
condly, for the keeping this account, you: muſt alſo know 
how many Miles, Leagues, or hundred parts of a Degree 
your Ship fails upon this Rhumb or point of the Compaſs :. 
which you muſt find out by the Log-line, or ſome other way, 
of which you may ſee ſomewhat in the 3 Chapter, and 
3 Propoſition of theGeometrical Sea-manzand I ſhall ſhew you 
more hereafcer, in the latter end of this Book. 
Theſe two things being known, 1t you work by Calcula- 
:iOn, the Rule is this; As the Radius; to the Diſtance ſailed 
cither in Miles, Leagues or Degrees ; SO 1s the Coſine of the 
Rhumb from the Meridian, to the difference of Latitude in 
the ]ike parts. 
And again, Asthe Radius to the diſtance failed ; So the 
$ine of the Rhumb to the difference of Longitude. 
But the way of working by theſe Tables is thus far more 
readily. | 
Firſt, find the angle of the Rhumb.Aat the top of the Ta- 
ble; and fiad the number of the Miles, or Leagues, or Cen- 
teſms of the Ship*s way in the ſide of the Fable ; and inthar 
line under the title of Sines, you ſhall find how much you 
ciffer in Latitude in that Column, which is under the angle 
ofthe Rhumb ; and how much you difter in Longitude in the 
other Column, which is uniter the Complement or Cclige 
af. the angle of the Rhumb. 
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Thus in this Triangle 
ABC, ſuppoſe the angle 
at Cto be56 deg. or the 
fifth Rhbumb from the Me- 
ridian, viz.NE by E, let 
the diſtance failed there- 
upon be C B, which ſup- 
poſe to be 50 Leagues. 
The queſtion is, to know how much the point B is North- 


hk 


ward from the Parallel CD, which is the ongeh of the line 


A, or DB. Andlikewiſe how much the faid point Bis 
Faſtward from the Meridian AC;. which is the length of 

eline A B, or CD. 
Firſt, take the Table, and find out the angle of the Rhumb, 
Thich is 56 deg. then look down the ſide of the Table till 
you find your number of Eeagues ſailed, which in this Ex- 
ample is 50 Leagues, which you ſhall find in the laſt line of 
the Left hand page, and in that line, in thoſe two Columns, 
under the title Sines, you ſhall find 41.45 and 27.96, which 
Thews thar the longeſt of theſe lines muſt be 43 Leagues, 45 
hundred Parts, or almoſt an Half, and the other line C A 
being the Northerly diſtance, muſt be 27 Leagues 96 hun- 
gred Parts, or almoſt 28 Leagues. 


_ But now here may be ſome ſcruple to thoſe that are not To know 
practiſed herein, to know which of theſe Numbers belong which Co-. 
'tocither line. This may be more eaſily known to thole (.. 
who have s$kill in theſe things, if they conſider whether gigerence 
their Rhbumb runs out more in Longitude then in Latitude. of Lati- 
raverſe Quadrate of the tude ; and: 


As for your young S?a-men this 


-*Rbumbs, with the directions thereto, will more plainly 


-ſhew it, then many words; whichif well confidred, is the 


ſubſtance,and ſhews the nature and work of all the Tables. 
By this you ſee that the 5 Rhumb from the Meridian, or 
NE by E., runs more in Longitude then jn Latitude, there- 
fore your Northing is 28 Leagues, and your Eaſting 41 
Leagues and an half. 
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The Traverſc-Quadrat. 


The Welt Longitude, Fo The Eaſt Longitude* 
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this well, for this very thing (which doth well deſerve it) tranſpoſed 
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more anon. 
Here alſo 1 would have you take notice, that what mca- 
ſure ſoever you account your Ships way in, whether in Miles, 
Minutes, Leagues or hundred parts of a Degree, the Table 
will ſerve your purpoſe, and give you your Longitude and 
Latitude, in the ſame. kind of meaſure, the firſt Figure in the 
Column ſhewing the whole Miles, Leagues or hundred Parts; 
and the others ſeparated from them,ſhew the hundred parts 
of the ſaia meaſure, which you may for the moſt part neg- 
Ic; eſpecizlly if you reckon your way in Miles, Minutes, 
or hundred parts of a Degree : or at leaſt, if they be leſs 
then 50 parts, or half.an Integer, you may negle@.thera 
altogether ; if they be more then 50, then acount one more - 


to your number of Miles, Minutes, or hundred parts. 

Thus the foreſaid 50 Leagues make 150 Miles,or Minutes, 
reckoning 60 Miles or Minutes to a Degree, and according 
to-this account the Lable will ſhew you. . 
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Rhumb INE 56 deg. North Eaſt 
for 100 Miles | 55-92 82.90 
for 50 Miles | 27.96 41.45 
which makes Miles $3.88 124435 
That is difference Latitude 1 deg. 24 min. 
Difference Longitude 2 deg. 04 min. fere. 


But the beſt way of account will be by hundred parts of | 


a degree, and therefore though (you ſee) I do not enforce 
you, yet I would perſwade you to make your Log-line ſo, 
thati: may ſhew your Ship's way in Centeſms of a degree ; 
for then the work will need no Reduction, but be very ready. 

Thus the foreſaid 5o leagues,being 2 degrees and an half, 
or 2 deg. 50 Cert. 


Rhumb VE 56 deg. North Eaſt 
D.C. pts. D.C. pts, 
2 Degrees, or 200 C. 1 12 00 ' 1 66 a0 
50 C. 27 96 4145 
1 39 96 2 0745 


Or if you think this way ſomewhat long, you may do it 
at one entrance intothe Tables, with a little conſideration - 
for if inſtead of 2 degrees 50 C. you take 25, you ſhall find 
in the Table 13.98, and 20.71, which by adding a Cypher 
in the laſt place, and fo putting the Figures a place for- 
warder, wlll be 1 Þ. 39 C. 89 pes. and 2 D. o7C. 10 prs. 

But as I ſaid before, theſe leſſer 10c parts may be negle- 
Red,and ſo it will be 1 deg. 40 parts, and 2 deg. 07 parts. 
And thus having found out the difference of Longitude 
ani Latitude of the place you are come to, by adding it to, 
or ſubſtraCting it from, the Longitude and Latitude of the 
place you come from, you ſhall know the Longitude and La- 
citude. of the place you are in at any time, and ſo readily 
ſet it down upon any graduated Chart or Map, and from 
thence ſee how you are to fteer your next Courts: 

And as you may do thus for one ſingle Courſe, ſo you may 
do for as many as you — them down in the Table 
and if you make a blanck Map of your Voyage according to 
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: your Table, as you goalong, they will help one another ; 
2 for your Map will ſhew you when to add, and when to fub- 
> ſtract, and your Table will ſhew you the Longitude and La- 
* tjrude of the places exactly, by which you may as truly(but 
# much more readily) make your points (even by the Eye) 
as by any Scale or Protractor : But of this you ſhall ſee more 
* largely in the following Propoſitions. 

The Second Propoſition. 

* By the difference of Latitude and Longitude ; te find 

! the Rhumb, and the diſtance between any two places. 

' InthisFigure ſuppoſe the place you are in to be A be- 

{ ing under the Equinoctial, and ſo having oo deg, or no deg. 
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{either of Latitude or Longitude - and ſuppoſe you are bound 
!to the place C, having 8 deg.. 30 Centeſms of Laticude, and 
15.deg. 60 Centeſms of Longitude ; The queſtion is to find 
the Rhumb, between the two places ? and the diſtance ur 
*the Rhumb ? . 
; Here you ſee the Triangle which you are to reſolve, 1s 
ithe Triangle A B C, wherein you have the fide AB given, 
*which is the difference of Latitude, 8 deg. 30 parts; and al- 
;fo the ſide BC is given, which is 5 deg. 60 parts, being the 
: difference of Longitude; and there are two things required, 
'that is the angle of the Rhumb, being the angle at A, and 
zthe diſtance of the two places being the line A C. 


Here 
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Here you mult underſtand that theſe two ſides 'of the | 
_ 


Triangle A B, and BC, areas Tangents, and the line A C 


is the Secant of the Triangle, and to find the angle of the 7; 
Rtumb, you muſt always make the fide of Latitude your "). 


Radius, and the proportion willbe thus, 

As the-ſide A B 8 deg. 30 parts, -or 830 
To the Radius, 

So the ſide BC 5 deg. 60 parts, -or 560 


TortheTangent of theangleof the Rhumb 67407,34 deg. | 


And then, 
As the Radius | 
To the ſide of Latitude ; $30 
So the Secant of the angle :12063 
To the ſide of diſtance. 1001, 


But now to work this by the Tables ; take your difference 
of Latitude AB 830, or caſting away the Cypher, take the 
number 83 for your marginal number, and turn over your 7 
Tables till you find the other line BC, being 560, or 56, | 


-right againſt it under the title of Tangents (which you may | 
eaſily do by the ſucceſſion of Numbers, as you muſt do in ' 


any other Table) and where you find theſe two Numbers - 


meet thus in one line; the Degrees at the head of the £0- 
lumns will ſhew you the angle of the Rhumb, and the Se- 
cant 1n that line alſo, will ſhew you the diſtance. 

Thus in this Example if you turn over the Table, you 
ſhall not find the Numbers agree, till you come to 34 deg. 
and in that Leaf,juſt againſt 83 in theMargent, you ſhall have 
55-98 parts, which is very near 56, under the ſaid Tangent 
of 34 deg. this is the true angle therefore of the Rhumb, 


being very near the third Rhumb from the Meridian, as you 


may ſee alſo: in the Margent of the Tables. 

And now for the diſtance of theſe two places, look in the 
ſame line againſt $3, and the ſaid Secant under 34 deg. is 
100.12 which is the diſtance. 

Only thus you muſt underſtaud it, that in the ſame ſort 
of parts which you make your ſide of Latitude to conſiſt of, 
the ſame parts muſt you reckon your diſtance in. So that if 
you reckon ; 

ABtobe83, then A Cis 100, 
If AB be 830, then ACis 1001, 
If AB be 8d. 3oparts, theaA Cis 10d. o1 parts. 


And 


'of the 
; or: more then a Degree, or many Degrees, the way of 
: working is all one, only in the different denomination cf 


ine AC 


> of the - 
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And thus let the difference of Latitude be under a Degree, 


le your ©} the Numbers which you find in the Table. 


34 deg. | 


erence 
ake the 


T Your 7 
: ' the Rhumb will alſo be found to be the third from the Me- 


Or 56, 


"8 may | 
4 before : only the Rhumb falls on the oppoſite ſide of the 


' Compaſs, the Rhumb from A to-C being N E by N, and the. 


do in 
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e Co- 
he Se- 


2, you 
4 deg. 
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ngent 


humb, 
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eg, 1s 


> ſort 
ſt of, 
hat if 


- reckoned from the Meridian line. 
; C, your Meridian line is CF, and ſo the Triangle you are 
now to reſolve, is the Triangle CF A, where nn CF the 
' difference of Latitude being 8 deg. 3o parts, and AF the 


Tomake this a little more plain to you, and alſo to pre- 


| venta miſtake; Suppoſe you were at the place C, whoſe 


Latitude is 8 deg. 30 parts, and Longitude 5 d. 60 parts, as 
before: and you would knoy the Rhumb from C to A, and 
alſo the diſtance. 

In this caſe though the angle at C be the complement of 


the angleat A, in the foreſaid Triangle A BC, yet this is 


not the Rhumb from C to A, for the Rhamb muſt be always 
And therefore being at 


difference of Longitude being 5 deg. 60 parts, as before ; 


ridian,. Or an angle of 34 deg, . and the diſtance 10 deg. as 


Rbumb from C to A being SW bys. 
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But yet if you have a mind to find the angle at Cof the Tri- 
angle ABC, and the length of the Secant line C A that way 


alſo, you muſt make the line C B your Radius, which being 


5 deg. 60 parts, or 56, find this in the Margent, and turn till 
you find the other line B A 83, in the Taygents : this yuu 
{1:11 have under the angle 56, where againſt 56 in the Mar- 
gent, you ſhall fnd 83.04 for the Tangent, and The Secait 
thereof in ihe ſame line alſo is 1cc.15, the ſeme as before, 
wichour any ſenſible difference in theſe accounts. 

Thus you ſee you may find theſe angles, and the line A C 
being the diſtarce, either of theſz ways z bur the firſt is the 
moſt proper and uſeful ; For when you make the ſide of La- 
titude your firſt Number, then the other fide is the Tangent 
of the Rhumb you are to ſail upon ; whereas taking the other 
ſide firſt, the angle found will be the complement of the 
Rhumb, and ſo muſt be ſubſtrated from go deg. which 
though ic be not much labour, yet it is needleſs. And be- 
ſides, in moſt of theſe Caſes the Latitude is more certainly 
known, and fo fitteſt to work by. 


The third Propoſition. 


By the Rhumb and difference of Latitude, to find the depar- 
ture frem the Meridian,or the difference of Longitude, to- 
gether withthe diſtance ſailed ; and alſo ſeveral ways how 
to uſe the ſame; to correct your dead reckoning thereby. 


It is a common and a very neceſſary Propoſition in moſt 
Books of Navigation, to ſhew how many Miles or Leagues 
you muſt {ail upon any Rhumb, and how much you muſt de- 
part from your Meridian, before you alter your Latitude, 
either by raiſing or depreſling the Pole one degree. And to 
this purpoſe there are in ſeveralBooks,little Tables thereof, 
which are of as littleuſe, becauſe they only ſhew the things 
deſired only for onedegree of Latitude ſo that if your dif- 
ference of Latitude be cither more or leſs then juſt one de- 
gree,the Tables ſhews little or nothing,but you muſt have re: 
courſe to the Rule, and ſo calculate it by the Doctrine of 
Triangles. 

But theſe Tables are of excellent and ready uſe for: his 
purpoſe for let your alteration of Latitude be any number of 
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parts whatſoever under 100,or one degree ; the Tables ſhew 
itexactly ; for if you turn to the degree ofthe Rhumb ; and 
and there findthe difference of Latitude in the Margent ; 
the Tangent thereof will ſhew the difference of your Meridi- 
an, or Longitude, and the Sccant of that angle will ſhew you 
the ciftance ſailed in the ſame parts, wichout any farther 
trouble, more exaQly then any other Table made for this 
very purpoſe, which hitherto hath been publiſhed. 

Thus in this Triangte 
ABC the angle of the 
Rhgmo at C being 56deg, 
let the difference of Lati- 
tude C A be 20,40,60,80, 
Or 100 parts ; the depar> 
ture, and the diſtance 
will be as in the Table of 
Tangents and Secants. 


Thus the Angle beiag 56 deg. , 


i 


C A the 20pts.] The Tangent 29 pts.65 | And the 35 pts. 77 
difference av | hereofſhews the 59 30; Secant 71 233 
of Lati- 6o -{departure from $3 9g6| ſhews 170 230 
tude be- 8o | the Meridian or 118 G1| the di- 143 o6 
ing oo | Longitude, 148 26| ſtance, 178 83 

The like you may do for any other Angle, or difference 
of Latitude under a degree ; If the difference of Latitude be 
more then a degree or 100 parts, it is but taking it out at 
twice, as inthe former Concluſions, of which you ſhall ſee 
more in the uſe of this Propoſi:ion, which is of very great 
uſe in the correQting of = account of dead -reckonings 
made according to the firſt Propoſition. 

For though the foreſaid way of keeping your dead recko- 
niag be of very great and conſtant uſe, yet you muſt not al- 
together truſt unto it: For it is almoſt impoſſible to keep this 
reckoning ſo exaRly, but that you will reckon a little too 
much or too little ; becauſe you cannot give ſo true an e- 
ſtemate of the Ships way, but that ina day or two, orin 
ſailing 100'or 200 Miles, you may very well miſ-reckon 15 
or 20 Miles. 'Sometimes alſo ſome unknown Current may 
ſet you more forward or backward then you reckon, by as 


much or more. Andztherefore for the proof, and alſo ww 
'4 Tae 


— 
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This is the the correction of your dead reckoning, you mult be careful 
_— Pal as often as you can, to make exact obſervation of your Lati- 
your ac- udey. either by the Sun or Stars; and if the Laticude thus 
count, by obſerved, agree with your Latitude by dead reckoning,then 
obſervati- you may-conclude your account 1s right: But if the-one differs 
on of the from the other, you muſt corre& your dead reckoning, and 
nn make it agree with your Latitude taken by obſervation. 

Inftru- Now in this reQtifying your account, there are theſe two 


merits, caſes to be conſidered. The one is when you have failed on- 


which Jy upon one Rhumb or point of the Compaſs. The other is 


carefully - 
ned my when you have ſailed gpon two or more Rhumbs, & ſo your 


be obſer. Way dothrnot lie in a right line. For the firſt of theſe caſes. 
ved to a 


{mall mat- 
ters 


= [ Suppoſe yonhad 
< = BY — failed from A to 
LON C upon the third 
6 4 NE Rhumb, or N E 
educate 34 deg. about the 
diſtance of 10deg. 
-pÞ— and ſo by your 
dead reckoning 
Dy | ſhouldbein84eg. 
Ws 29 parts of Lati- 
| tude,and 5 de.59 
| -parts of Longi- 
cude from-A ; But 
now ſuppoſe that 
——| by obſervation of 
F:6 Q| 9] of che Latitude, you 
| ry find your ſelf to 
be juſt in 9 deg.of Latitude, .and therefore az you are:gone 
Bow to farther in Latitude, ſo you muſt needs be further in Lon- 
retiiie pi:ude alſo,being at G,and therefore you deſire to know the 
your tr; ue Longitude, as well as the true Latitude of this place, 
accounts and alſo how-far youare ſailed from the place A, 
4 : Torn to the angle of your Rhumb, and find your cifte- 
Aild on- rence of Latitude in the Margent, and in that. line, the 
1y upon Tangent number beloaging to that degree, ſhews the dute- 
one Pcint once of Longitude, and the Secant number in that line alſs 


ar ſhews the GCiſtarice you bave ſailed; 


” ja 


aooooaCnes ep 
Wu 


(0) 


Thvs 


Dt Sailing by the Plain Chart. 


Thus in this Example, if you turn to the angle of your 
Rhumb, which is 34 deg. and there inthe Margent find your 
difference of Latiiude, which is 9 deg. the Tangent againſt 
9 in this line 1s 6 07, which ſhews the Longitude'is 6 deg, 


Fi 


07 parts, and the Secant 'in this line under 34, is 10.86, 
-which ſhews the diſtance ſatted is -10 deg. 86 parts. And 
thus you have the true Lovgitude, Latitude, and diſtance 


of the place G-from the place A. 
I know this might be :performed by the Tables of Sines 
only, as Mr. Norwood ſhews. But then the diſtance muſt 


be leſs, and the Numbers will not be ſo exact. 


In this caſe it will be beſt many times to work by the dif- 


ference of the Latitude, and uot by Degrees, ſo the work 


will be ſomewhat more exact. 
Your Latitude by dead reckoning was 8d. 29 parts. 
Your Latitude by obſervation is 9 d. -00 paTts. 
The difference between them is od. 71 parts. 
Find this 77 parts, inthe Margent ; and under the angle 
of your Rhumb 34, you ſhall find the Tangent is 47.90, and 
the Secant thereof is 85.64, which added to your fore- 
ſaid account as it ought to be, your true account will 


be thus. Diſtance Tatitude Longitude 

on -— — -10d, OC. co pts.| 8d. 29c. oPts.|j5 d 59 c., OPts. 

The difference 85 64 71 O 47 Ws CEE 

The true account to $3 6&4 Ss «© 9 6 o6 go Qikeyour 
account 


The ſecond caſe is when you have failed upon two or |. you 
more ſeveral points of the Compaſs before you can come to þzye fail- 
have a good obſervation of the Latitude. In this caſe you ed upon 
muſt firſt find out upon what Rhumb or Angle, the place you two or 
are in by your dead reckoning, doth lie from the place you —_ c 
came from, or from the laſt place where you reQtfhed your pot Com: 
account : and this muſt be the Rhumb or Angle, by which pag; 
you muſt corre&t your account, and not that which you laſt 
{failed upon. 
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Suppoſe you ſhould ſail from AtoC, NV E by I, or N E 


3-4 degrees 0 the diſtance about 10 degrees, and ſo ſhould 


be at C accordirg to. your dead reckoning ; but according 
to the true account you ſhould be as far as G, as 1a the laſt. 


Aad then from this point C, wich you think you were inz. 


you ſhonld £11 SE, or upon. the angle 45 deg.to the diſtance 
of degrees 80 parts z ſo you would count your ſelf to be 
at E, whoſe Latiiude is 5 deg. 60,2nd whoſe Longi:.nde is 8 
deg. 39. But here now obſerving the Latitude, you find 
that you are in 6 degrees 07 C. pes. of Latitude, fo that 
there is 47 C. pts, of Latitude difſerence between the dead 
reckoning, nd the obſervatiom And as there 1s this diffe- 
rence of Latitude, ſo there muſt needs be a good diftcrence 
in Longitude : Now the queſtion is how, or which way the 
Longitude ſhould be corrected ? 

Here you ſce your dead reckoning gives your account from 
AtoC, and then from Cto E ; and now 1t you ſhould cor- 
re& your account upon this laſt Riumb fromC to E, then 
you ſhould account your felf to be in the place K, which 
hath 6 degrees 07 parts of Latitude, and 7 deg. 83 parts of 
Longitude. Bur this cannot be a true correction. For as 

. . 'YOU 
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you wereat G, when you thought you had bcen at C ; ſo other 


f Zing from the point G, South-Eaſt, till you come to 6 


deg. 07 parts of Latitude, you muſt needs be in the place, 


2 cuy is how to find this place I, which is the true place you 
{ are 1n, if you did not know the foreſaid correRion at G. 

* To this purpoſe as I ſaid before, you muſt find the angle 
7 of the Rhumb, from A to E, which is the place you are in 


.] according to your dead reckoning, and finding where this 
2 Rhumb croſſeth the Parallel of 6 deg. 07 parts, which is 


2 your Latitude by obfervation, you ſhall find it to be-in the 
placel, and this is the true place where you are. 

: Now to find the angle of the Rhumb from A'to E, by the 
2 Second Propoſition of this Chapter, obſerve the Triangle 
2 ADE, wherein you have the difference of Latitude of the 
: two places, A D 5 deg. 60, and the difference of Longitude 
3DE 8 deg. 30. TFherefore turn over the Tables, till yow 


3 find 8-deg. 30 parts, (or 83, which comes all to one) in the 
I of Tangents, againſt 5 deg. 60 (or 56) in the 


Margent, which you ſhall find exaQtly under the angle of 56, 
where againſt 56 in the Margent you ſhall have 83.04, for 
1 the Tangent of 56; this therefore you may conclude is the 


2 angle of the Rhumb from AtoE, being N E 56 deg. or the 


ina, 


fifth Rhumb from the Meridian. 


* Having thus found the angle of the Rhumb you are to 


work upon, conſider the difference of Latitude between 
2 your dead reckoning,and your obſervation. The dead rec- 
7 koning gives 5 deg.6o C. parts,hut the obſervation is6 deg. 
107 parts of Latitude, ſo the difference is 47 C.prs, Now it 
you find this number 47 in the Margent under the foreſaid 
J angle of 56, you ſhall have forthe Tangent 69.70, that is 70 
1C. parts fere;which is the difference of your Longitude.Now 
. = added to your former account, your true account will be 
2Tauns, 


; The Latitude The Longitude 
By dead reckoning 5 d. 66 prs.. 8 deg. 30 ptr. 


= The difference 47 pts. 70 pts. 


| — 


? Fhe true place "8 9 00 


the 


Thus this way though it my ſrem a little troubleſome at 
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your difference of way upon both Rhumbs, be both alike, 
or any thing proportionable to cach other: And ſo they 
muſt needs be, if there be no unknown current, which may 
ſet you more forward or backward upon one of the Rhumhs 


then upen the other, of which alſo I ſhall give you ſome 3 


obſervations in their place. 


/ 
CHAP. IV. 


Shewing a Method for the keeping of an account at Sea, ate | 


cording to the former Rules. 


| be three former Propoſitions, as they are the moſt uſe- 
A ful, ſo you need almoſt make uſe of no other, if you 
will content your ſelf to keep your account according to the 


Plain Charr. And thercfore in this Chapter I have little more 2 

to ſhew you then in the laſt, only thereT laid down the Pro- 
poſitions ſeverally, here I ſhall make uſe of them together. 2? 

And firſt let me adviſe you, that though you may keep 

It is beſt your account;.eicher with your Ruler and Compaſles by Ge- 3 
toule the gmctry, as I ſhew you in my Geometrical Sea-manz or-this \# 


Plain 


Chart ang Way by-theſe Tables, -by Arithmetick ; yet It will be beſt to # 
theſe Ta- uſe both together. For your Map or Chart will beſt direct 3 
bles both which way any place lies from you, being demonſtrated |? 
together, therein better to your eye, then can be expreſſed by words to Þ 
for the thecar ; But then theſe Tables ſhew the diſtances of Lati- 4 


-one- helps 


the other, tude and Longitude, which you muſt ſet down upon the 
Chart,far better than any ordinary Scale can do, though you *? 
ſhould make every League an Inch long. Beſides,1t is ſome- 3 


what troubleſome to ſet off thoſe ſmall daily diſtances ac- 
cording to their -true Rhumb upon the Chart,. and when. 
they are ſet down ſo, yet the chief thing which you are to 
look after,which is the difference of Longitude and Latitude 


of the ſaid diſtance, is more troubleſome to find our if you J 
work ſo exactly as you ought todo; which theſe Tables 2 


q ſhew 


the firſt, yet it may be of very good uſe, and gives the true 7 

correction, which you ſee differs above a * degree from the | 
d. correction you ſhould make vpon the Rhumb you ſailed laſt *Z 
1.77 upon; and this muſt needs always give the cxat place, if '# 


en OS hook wad 
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ſhew moſt exactly at the firſt fight, ſo that you need not be 
ſo curious in ſetting down this afterward upon the Chart, 
but may make uſe of any little draught, and ſet down the 
places therein according to their Longitude and Latitude, 
even by your eye, as near as you can gueſs them ; for this is 
to ſerve only for your better and general direction, when 
to add and when to ſubſtra&t, your account being ſtill to be 
kept by the Tables,which will ſhew your Longitude and La- 
titude moſt exaCtly. Thus theſe two ways joyned together, 
will much help each other, and be-the beſt way for the keep- 
Ing of your account at Sea that you can uſe. . 

As for the making of the Plain Chart, it is moſt eafie ma- 
king the degrees of Latitude & Longitude equal every way. 


fotbat the Figure thareof, withqutany farther direQtion, is 


enough. Bur you may ſee more in my Geometrical Sea-many 
Chap. 3. G3. 2 As. 
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the Northing and Southing,ſhews the Latitude of any of the 


As' for the framing of the Table of your ?ccount, it is 
very plain ; ſo that you may any time make the like, it js 
only divided into 10 Columns, whoſe titles exprels in ſhort i 
what they ſtand for, v:z. 2 

The firſt ſhews the place of your Harbouring or Obſer- # 
vation. | 

The ſ:cond ſhews theRbumb from one.place to the next. 3 


The third the angle of the Rhumb, wich allowance 'for A j 


the variation when there 1s need of ir. 
The fourth the diſtance or way failed in Leagues, Miles * 
or Centeſms. | q 
The four next Columns ſhew the V.S.E. or Weſting of 
that Rhumb,and diſtance, as you find'it in theſe Tables, 4 
The ninth Column by the Addition or Subſtrattion of * 
aid places. i 
The laſt by the Addition or Subſtraction of the Eaſting 
and Weſting, ſhews the Longitude of any of the ſaid places. / 


"E608 Angle | Diſta- | North; SouthſEaſt |Weſt]*Latit, 'Longit. 1 
[The places. | Courſe. | Rypmp |.c. pts. | C, pts. | C. pts.\C.pts. (C-pts. D.pts. iD. Es 5 
The place A, ; d, pe HE WE} Eo 4 
from A to 1, NbyE |yxg Il| 100 98 I9 o 98Þ 19 3 
from1to2. [NNE |xg 22 go 33 34 1 81h 2| 4 
_ 2 tO 3. w by N | 34 SO 66 45 2 47D 25 A 
rom 3 to 4. NE * 
_—_ to oy NEbyE' yg — = pt _ n pe 47 $ 
from 5 to 6.] ENE fxg 58 5O 19 46 3 48 2 = i 
from's to 7,| X 4 E |NE 79] 50| og 49 3 57j2 92| | 
 from'7 to 8. | Eve go 65 OO 65 | 73 $713 . $7 'N 
5-55 | 3e57 | +571 # 


The Ex- 
ample in 
theTahles 
and Chart 
explain- 
ed, 


Here you ſee the firſt place A, is ſuppoſed to be under the E- b | 
quinottial having oo deg. oo min. of Latitude or Longitude, © 


In the next place from this place A, to the point 1, the 
Courſe being the firſt Rhumh from the Meridian NV by E, or 


NE 11 deg.and the diſtance thereon 100 C prs.of a degree. 4 


If you look this angle of 11 deg. in the Table, you ſhall 
find the Northing of theſe 100 C. prs. is 98 C. prs. and the 
| 7 Eaſting 


| Þ 


Df Sailing by the-Plain Chart. 


x Faſtiog'19 C.prs. (omitting the l[eſlor parts in the Table:as 
© needleſs.) And fothe Latitude of this place will be North 
ix o deg. 98 parts, and the Longitude Eſt o deg. 19 parts. 


Then the ſecond courſe from-1 to 2 being NN E the ſe- 


2 cond Rhumb from the Meridian or NE 22 deg. + and the , The 
3 diſtauce therein-9o C. pes. turn to this angle of ® 22 deg. Or angle be. 


, 7 23 deg. inthe Table, you ſhall find for go C. pres. the North- ing 22 2, 
J ing is $3 C. pts. and the Eaſtingis 34. Now the Northing you may 


either 


of this place, added to the Latitude of the former, and the wag 


| Eaſting of this place added to the Longitude of the fortner, 52, or.22 


7 ſhews the true Latitude and Longitude of this place. deg. the 
difference 
Z The Latit. of the laſt plac® © deg. 98 The Longit. 0d.-19 will not 
| The Northing of this place 383 The Eafting 24 be much : 
27 $0 that the Latit. of this is 1 deg.$1. andthe Long, od. 53 = F 49s 
bl 


Thus the Table all along will ſhew you the Longitude and p7..0.5- 


Latitude of the.place you arecin, by which you may at any by the dif. 


T time ſet it down upon your graduated Chart, and ſo better ference 


7 ſe whereabouts you are, and how to direct and account — 


I m, '2s 
your following courſe. _ 


Only takenotice that whereas in this Example, you have 


2 always added the Longitude and Latitude of the following are, 
Z places to the former, becauſe the Longitude and Latitude 
4 thereof is ſtill ſuppoſed to increaſe z ſo when your Longi- 
; tude and Latitude doth decreaſe, you muſt uſe Subſtraction z 


and if the one doth increaſe, and the other doth decreaſe, 
you muſt accordingly uſe Addition in the one, and Sub- 
{traftion in the other. In all which the very looking upon 
your Map or Chart, and conſidering of your courſe, with a 
little practice, will be very plain unto you. And yet for 
your better inſtruction ift this ſo neceſſary a buſineſs, I have 
added this Example, wherein you ſhall ſee molt of theſe va- 
rieties, that can happen ia your account, And though ſome 
may think this needlefs,s yet I deſire herein to be fo plain, 
that every one may underſtand it- And withal take notice, 
that this variety of opergtion ſometimes by Addition, ſome- 
times by SubſtraCtion, lis not cauſed by reaſon that you 
work by theſe Tables, but whatſoever way you work to find 
out the difference of Longitude and Latitude, you muſt ac- 
cording as the Courſe gequires, make ſometimes-Addition, 
and ſometimes Subſtraction as you do here. The 
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2» þ 1 & »\ —_ _ Eu "s | — 
tho Praces. "The Rumb | Angle |Diſta, North 'South Eaſt Weſt 'Latit, |Longit 3 


| 


,or Courſe [of it. jC. pts. C. pts. C. pts. C.pts. C.pts. 'D-pts.|D. pts: 


> _—— ——— — cc [ 


The place B. | d. CO; 
 [fromBtoC. SW by S;SW 34 00 | 63 3 ,3 44 
from © to D. is S oo| 100 100 | 3. 44 | 3 
fron DtoE.:N IV NIW 45| 100 06/2 73 A 
fromE to F..$ 1 SW4s| 10 71 2? 2 O: 
fromF toG. SE SE 45] 100 71 . 7: | 
from G.to H. i14” S oo; 100 O00 46:1 73 
from H to I. iS WW SW 45| 100 71 O 7: oz ll 
fromItoK, |S by W SW56: 100 mT > \'Þ 


ee 


Mark this Hereyou ſce the firſt place from whence you ſet ſail,being Þ 
well, and ſyppoſed at B, whoſe Ea:ttude 4-is deg. and whoſe Longi- 
by nom tude is alſo 4 deg. this Is firſt ſet down in the Table. Then Þ 
in any fromB to C ſuppoſe you fail SW by $, or SW 34 deg. the 
courſs diſtance of one Degree, or an hundred C: pre. find this angle ? 
whatſo- 34, and in the Table of Sines, for the diſtance of 100 C. pts. ? 
2 you will find 83 C. pes. for the Southing, and 56 C. pts. for 
nel theWeſting, and here becauſe the Longitude and Latitude ? 
& Longi- doth both decreaſe, this muſt be ſubſtrafted from the Lon- | 
tude both pgitude and Latitude of the former place ; ſo your Latitude 


decrvbth of C will be 3 deg..17 parts, andthe Longitude. 2 deg, - 
tude d2- 44 Parts. 


creaſeth Now if you ſail from this place C to D full South 100 7 
Longi- C. pts, Here you need only ſubſtra&t this difference of Lati-: * 
rude the tude out of the former, ſo that the Lacitude of the place D *: 
ame. jg 2 deg. 17 parts, and the. Longitude the ſame as before, 

3 deg. 44 parts. 
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But now if from hence you ſail to E, which is YI 100 ,, Lati- 
parts, find this angle 45 deg. in the Table, and you ſhall find tude in- 
for the Northing. of the 100 parts, 71 parts, and for the creaſeth, 
Weſting 71 parts. In this Courſe you may ſee the Latitude Evgitude 
increaſeth, therefore that muſt be added, but the Longi- wr gy 
tude decreaſeth, therefore that mult be ſubſtrafted : So the 
Latitude of the place at E is 2 deg. 83 parts, and the Lon- 
gitude is 2 deg. 73-parts. 4. Long:.- 

From hence to F both the Latitude and Longitude decrea: tude and 
ſeth,ſo they muſt both be ſubſtratted as in the firſt Courſe, _ 

_ From F to G the Latitude decreaferh, therefore is \ub-* ceaie, * 
ſtraCted from the laſt Laticude,but the Lorygitude encreaſerth, 5, Lati- 
and therefore is added to the Longitude of the former place. tude de- 

From G to H there is only difference in Longicude, which , *<alerh; 


45 tO be ſubſtrafted. From thenceto Land K the Latitude Lopagience 
ad 


increaleth, 


— 
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and Longitude both deczeafe, and therefore are both ſub- 7 
tracted. Aria now being at K:your Latitude is © deg. 19 ©; 
D2zts, and your Longitude is © deg. 19 parts; ſo that you 
are within 27 C. pes. of the place A, which may be ſuppoſed 2 
far the place whither you intend your Voyage. 

Thus theſe ſmall parcels of your-reckoning, which are 
very troubleſome to ſet down upon your Map or Chart,with 
your Ruler and Compaſſes, and cannot be ſer down ſo, nei- : 
ther with any exactneſs or certainty,may thus be moſt readi- 7 
ly and certainly caſt up,and ſo ſet down in anyMap or blank 
Chart, either ſeverally, or once for many times, as you: 7 
will, obſerving their Longitude and Laticude; and ſo when 
you-pleaſe you may make a prick or point in your:Chart, and. 
ſee whereabouts you are at any time, without any farther 
trouble, yea, if you pleaſe, you may do this only by gueſſing 
with your eye whereabouts the place ſhould ſtand accord- 
ing to the Longitude and Latitude thereof. 

"FEY But in this way of your reckoning your Longitude and La- |: 

* titude, you mult be under, or near the EquinoCtial, where. 
This way The Degrees both of Longitude and Eatitude are equal each ' 
of plain to other. For elſe though you may reckon the true Latitude 
failing is of a place, yet you will fail much 1n the Longitude thereof. 
wn = uſed' Only thus much you may reckon upon in all places; that as 
nl 4. Jou are ſo much, that is fo many Miles or Leagues to the 
ftances, North or South of any place ; fo you are alſo ſo many Miles 
or in pla- ot Lezgues to the Eaſt or Weſt of that place. Which how 
ces near you ſhall reckon up into degrees of Longitude, I ſhall ſhew 


the Equie © Oy 
nodtial, JOU alſo in its place. 
for though it ſhews the true Latitude, yet is very unfit fo ſhew the Longitude, un- 


Ie& it be near the EquinoCtial, where the deg. of Longitude and Latitude are both 
alike of equal length and breadth, 


*. 
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CHAP. IV. 


Of Currents at Sea, how to find themout, and how to allow 
for them in your account. 


Ee obſervation of Currents, though it be of preat uſe, 
yet as there hath been little written thereof, ſo (the 
more is the pity). there is not ſuch regard and obſervation 
of it as there ought to be.. For as the ignorance hereof doth 


many times confound men, and makeghem at a loſs in their 
accounts ; 


nbſervations about Currents. 


x 


49 


x "Zaccounts : ſoa true knowledge thereof would as much di- 
4 = rect them, and further them in their Voyages. And with= 


2 nor by obſervation of Latitude. 
= To makeinſtance in that notable Current which is obſer- 
.- 2 vedin the Weſtern-Ocean to rnn toward the North-Weſt. 
ow” þ Suppoſe A to repreſent the Summer Iſlands, and the Cur- 
cadis # rent thereabouts torun NV E about 12 Miles, or 20C. prs. of 
lank 2 adegreeevery day : If you were to fail with this Current 
you: '27 from A to B (v:. that B which lies full North-Eaſt from the 
vhen 2 center A)being from it about 5 degrees, or 500 C. pts.every 
and. 2 day that you fail thus with the Current, the ſaid Current 
ther 7 will ſet you forwarder.then your account- by.20 C. pts.. 50 
7 thatthough you think you ſail but 1 deg. or 100 parts a day, 
Z for 4.dayes time, and fo reckon you are come but to C, 
which is 4 degrees, or 400 C. prs. of your way,yet the Cur- 
ren: in thit 4 dayes time running. 20 C. pts. each day, wall ſet 


part B by a day ſooner, then you were aware of, 
North 


onnc 
” eee, =. ©, ARS 27'S X55. Red . TR” Ao 


* 
- << >) 


. 
oo VS, 


7 out the knowledge hereof in ſome fort, you can keep no. 
2 true account of your way, neither by your dead reckoning, 


43 you forwarder 80 C. pts. So that you will be at, of near your. 


In this 
Example 
look only 
upon the 
N, E. line. 
of the Fi- 
Eure- 


50 Obſervations about Currents, 


In thisEx- But now,ſuppoſe you were to ſail from B to A back again, .* 
ample or, which is all one in cffe&t, from A to that B which lies 
South-Weſt, oppoſite to the former. Here now every day” 7 
8.17, line that you fail upon this courſe, the Current will ſet you beck 7? 
of th? 20 C.prs, So that thoug! you fail according to your dead: Þ 
Figure. reckoning 100 C. prs, every day, for dayes together, and * 


look only 
upon the 


{ſo ſhuuld think your ſelf to be at B, yet the Current in that 
time will ſet you backward 5 times 20 C. parrs, fo that you 


will have ſailed but 400 C. prs. and ſo are but at D,and want * 


a full days falling to your place B. 


But when you thus fail either directly wich, or againſt the ; 


Current, there is not ſo much danger as at other times, be» 


cauſe though the Current ſets you forward or backwardzyet 7 


it do:hnot alter your Courſe, and ſo you may eaſily corre 


your account by obſervation of the Latitude. But if you 3 
141] upon any other point of the Compaſs, the Current will 3 
not only alter your ſpeed, but drive you ont of way, fo that 3 
without ſome knowledge hereof,and care to prevent it, you Þ 
may in ſailing to ſome lone Iſland, be at ſuch a loſs,that you. 7 


know not which way to ſteer your courſe, whether Falt or 
Weſt. 
In thisEx. For Example, ſuppoſe the Current torun NE as before, 
ample 20C, pts, cvery day, and that you were to fail therein full 


look upon North from A to B. Here when you think you ſail dircdtly - 


ON North North from A to B, the Current running North-Eaſt, will 

ine of the ; 

Eigure Cauſe you to make your way from A to D, fo that when you 
ſhall rhink your ſelf to be at B,you will find (or rather looſe) 
your ſelfat D. For if you are not aware bcforc of the Cur- 


rent which way it hath driven yon, you can by no means 


know wich way to direct your courſe.For though by obſcr- | 


vation of1the-Latitude at D,you may think your ſelf beyond 
it; yet if you fail direftly back-again toward Aztill yuu come 
to the Latitude of B, yet. you will not find the place there; 


— can you tell wich way it lies, whether Eaftward or 


Weſtward. And this,if the place you fail to be a little lone 
iland,you will be at a great loſs, and not know which way to 
turn [our Hikes ſome have been in this caſe : And this I ſup: 
pol trath been the ground and reaſon of thoſ: irange ſtorics 
of floating and invilible Iſlands in the great Weſtern Ocean. 
The like or rather the contrary will happen, if you were 
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Fl 


Fro ſail South from B to 


» 


4 


= 
v59 


'at B, the current will drive you to D, 
and ſo think to find the p 
Il fall beſides the place, and Figure. 


unleſs you know whether 


your ſelf ſhort in Latitude, 
by failing ſtill South, yet you w) 


A, or which is all one 1n cfte 


ZA to B.,which lies full South. Herein when you think your ſelf 
and though you find 


its from In this Exe 


not know which way to fail to it, 
North 
TJ. Jy 
He - ; 0 -S-N commons] 
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{the Current hath driven you to the Faſtward or Weſtward 


! of the place you are bond 
| To prevent this loſs, 


* ful, not to ſail point blank 
"7 be ſure ger into the Latitude ofthe place, 


[0. 


it is uſual by thoſe who are care-' 
Iflands, but to 


! to the Faſtward or Weſtward thereof, 


: lies for It, 


them, to keep in that Latitude, 


' place deiired-. 


This I confeſs is a good careful way £0 preven 
cre may be loſs of time, 
ht be prevented, 1f the trus 


* haps, but many times 
* therein; both which mg 


and ſo being fare which 
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tall 


H 2 
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d way cither 
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t ſuch miſ- 


and way 
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| bſervations about Currents. 


Jn failing 
in this cure 
rent from 
A to B 
North- 


"rent were known ; for ſo you might know how to diet 
your Courſe more readily to any ſuch place, and how to al- 


low for the Current upon any Rhumb whatſoever, ſo that 
by obſervation of your Latiinde, you might find your true 
Longitude moſt exaftly, which elſe will never be done. 

For upon what point of the Compals ſo ever you ſail,the 
Current will bear you off the way, as you may ſee by the 
other little circles marked with the Letters CBD, in all 
-which the lines A B ſhew the Rhumb and way which you 
'think you ſail. The lines AD ſhew the Rhumb and way 


which the Current bears you. And the lines A C ſhew | 4 
'the true way whereby you ſhould, and might fil bcft to * 


the ſaid places marked with B. | 
This plain demonſtration of.the neceſſary uſe of theſe ob- 
ſervations,will;I hope make you'more-carcful in the ſcarch- 


ing out of theſe things. And as I ſhall give you the beſt 1 


directions Icanto find theſe ſecrets, fo 1 would have you 


'to make known what diſcoveries you ſhall make thereby. 


For if Sca-men would but make known there Giſcoverirs, to 
thoſe who are skilful in theſe Arts, the Ait of Navigztion 


would in a ſhort time be much advantaged thereby. 


The belt way to find our theſe Currents, is by keeping 


exaCtaccount of your way both outward and hemeward, :.c- 


cording to your dead reckoning, being very curious in ob- 
ſerving the way your 'Ship-makes by your Log-line. For 
though you may -correct your account for your better<di- 
rection in your Voyage, yet it is not your corrected ac- 


count, but 'your dead reckoning that:muſt help you here- 


in. And therefore you mult'be very careful of that, trying 
how the Ship gves by it many times, when you have little 
or no nced,as when you ſail near the Meridian. For hereby 
you ſhill be more perfeCt in this way of account, and find- 
ing how your Ship's way agrees with your linz, you may 
the better know how to uſe -it, and truſt to it, when you 
have more need thereof. 

The manner of this work will be made more plain by 
two or three Examples than many directions. 

Suppoſe you were to fail from A to that B which lies 
North-Welt from A, being about 5 degrees diſtant ; and 
(either knowing or ſuſpecting the pature of the Current) 
you 
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Dbſervations about Currents, 53 
you ſhould not (il the direct way North-Weſt, but a point Weſi, your 
more to the Weſtward, viz, N W-by W, to ihe diſtance of pgs 

5 deg. 15 pts. OL FI5C. pts. in the ſpace of five dayes, and ,,;. + 
ſo whereas by your dead reckoning you ſhculd'be but at C, if you 


yet you ſhould arrive at your Port.B. And then when you were to 


fa:l from 


retuin home again, you ſhould neither fail the direct way pen 
3 


2 from Bro A, which is South-Eaſt; nor by the oppoſite ,1 2 
por ich is TA, end li by-E, but 

Z point you came upon, which is TA, 2nd lies S E by-£, count 

Z ſhould continue your account as it were from C, and ſteer homeward 


yuur courſe back again from C upon the third Rhumb S E wit bn as 
by S., asf you were to fail fromCtoE; and now having - gl 
POW: hereupon tikewiſe 5 deg. 15 C. pts. infive dayes, JOU (1 from 
ſhould find yourſelf to be returned ro A. And now by this C tv ; & 
diff:rent reckoning you would know theſe three things. yet byrea- 


1. Which way the Current ſets? 2. How faſt it runs ? {on of the 
Current 


3. The true difference of Latitude and Longitude of theſe row 


2 two places ? brne 


the place 
Firſt to this end make a Table of your account outward A. 
and homeward, according to the former rules, 


From A to C deg. C. 9 N S E {4 
NW byjF-or C $5 : O0 | 2:80 | $+.:5 
N W 56deg. Oo 1 5s | os. 12 


5 deg. 15 C. pts oo] 28 | | | 4427 


From C to E Deg. C. prs. | N S [|E W | 
SE by$ or 5 O 4+15 2.80 | 
SE 34 eg, © © I5 12 8! | 

| | 4-27 | 2.88 | [ 


Now theſe two accounts being both contrary in each $5 4 27 
part, mult be ſubſtraCted from each other, viz. the North 2_2_53 
from the South, ſo there will remain South 4 dep, 29 C. pts. Reſt 1 3 
And the Eaſt from the Weſt, ſo there wil! remain Weſt one * - ?7 
degree, 39 pts. alſo. By which it appears that you have ES 
been forced to go 1.39 C.prs. Southward, and alfo 1.39 C, Rc 139 
j#s. Weſtward more then you need have done, for elfe the 
way outward and homeward would have ballanced the one 
wich the other': whereas now you ſee there is 2c0 C. prs. 

» diff-rence 
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Dbſervations abort Currents. 


— 


]riangles. 


difference, for whereas you are come back again to the 
place A, yet your accounts make as 1 you were at the place * 


E, which is South- Welt from-A 200 C. pts. 


Now in the firſt place, to know which way. the Current 


runs, you ſee that whereas by your accounts you ſhould be. 2! 


at E, which is South-Weſt from A about 200 C. ps. yet 
you find yoar ſelf to be at A, fo that the Currenc in this 
time hath driven you from E to A, which is North:Weſt 
200 C.fts. As farther appears, if you compare the Sou- 


3y the 4 thing of your account extraordinary, which you found be-- 
& 5 Cale fore to be 1 deg. 39 C. pts. with the Welling: thereof, 


which was likewiſe 1 deg. 39 C. pts. ſo that the Southing 
and Weſlting being equal, it muſt needs make an angle of 
45 deg. and ſo run North-Eaſt, as I ſaid before, Now the 
Secant of this angle for 1 deg, 39 C. pts. will give 196.57 
C. pts. which is almoſt 200, as I ſaid before. 


Then ia the ſecond place if you conſider the time, 


outward, which was 5 days, and home again 5 days, in 
all 10 days, and divide the forcfaid 200 by this, you ſhall 
find thar every day the Current runs 20 C. pts, which is 12 
Miles every day- | 

Thirdly, though there is much difference in the Longi- 
tude and Latitude of theſe two accounts outward and home- 
ward, ſo that you cannot teli what 1s the difference of La- 


ti:ude and Longitude between theſe two places, by any one - 


oi them - yet if you add theſe two accounts together, and 
tien take half of them, you ſhall have the true difference 
of Longitude and Latitude of theſe two places A and B; 


Thus your account outward Ver, 2d. 88 pts Jeſt 4d.27 pts. 


and your account homeward Scx. 4 27 Eaſt-2 88 
The Sum of theſe two are p28 ae - 


The half ſhews the true dif.of lat.3 57z and lon. 3 - 57x" 


And hereby alſo it appears that the truce Rhumb between 
the :wor places is North. Welt. - 

To make this more plain, take another example. Sup-- 
poſe you were to ſajl from A to that B which lies full North, 
havivg five Degrees difference of Latitude, but _ the 

ame 
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m__ 2 

23 fame Meridian ; and that you ſhould ſail thither upon ſeve- 
L ral points of the Compaſs, in fix dayes time as inthe follow- 
2 ing Table. 
rent ul 


= ol Courſe. Diſta, | North | South! Eaſt Welt | 

e «1 ———_— 8 
fe Z | The firſt day, | NI IOO 71 7L. ; 
- > IF | The2day, {NIWIlyN 100. 83 56 

elt MF | The 2 day. [NN | 100, 92 38 
DU- 3 | The 4 day. N by WW | 100. 98 19 
De=. = = 5 _ N y loo; 7L _ 84 

2X | The 6 day, Eaft, ©} O© 30, 

of, IJ / . | | Reſt 
ng: | 4+ 15 I. OL ' oO, 83 
he if | Current. Aa | a Z 
7 I: 1% 7 mn 


e, 4 By this you may reckon the place B, to be 4. deg. 15 C. pts. 
n #ﬆ tothe Northward and o deg. 83 prs. to the Welt, the Eaſt - 
11 i ing being ſubſtcacted. 


fa ' Now ſuppoſe you ſhould fail back again to the place Ain 
- |& 6dayes and an half, as in tie following Table. 
| o 


: E Courſe, | Diſta. | North South |Eaſt | Weſt | 
: The firſt day. $17 "260 71 Wa 
| 2 | The2 day. |SWbyS] 1G $3 56 
J | The 3 day. | South ICO I. O00 09 
The 4 day. | South 100 I. O00 OO 
The5 day. | South- 10O I. OO CO 
The 6 day. South 100 I, OO OO Wy: 
Thez day, |S ISI —z [1.27 { "0H 
« 69] JI _ bY 2 
5 1 
3N C rear aaa LG | 'R. 92 
MY mn | 139] 29:92\._._.} 92" hel | 
S | Sdayes 5, | | Reſt '4+ 97 |S$uhyit. i090, 0 


 SIER 


2 By tnis it ſhould ſeem that the place A is to the South- 
w__ from B, 5 deg. 8g C. pts. and Weſtward o Jeg. 92, 
wich do:h much differ from the account outwards. Now 

» | ©E 
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to reconcile themz. and to find the Current, which way it 29] 
ſets, and how falt it runs. 2 Ta 
"7 OW Firit compare the two accounts together, and fubſtrat\i the 
South < $9 Fe North trom the South ; bur add both the Weſtings to-i the 
Rok gether, becauſe they are of one ſort : ſo you will find the ed 
et 174< oy 
Current hath cauſed you to go out of your way to the Lo 
eh o $3 Sourhward 1 deg. 74 pts, and to the Welt 1 deg 75 pts. acc 
7: > 92 which Southing and Weſting being equal, the Currenz muſt | 


Sum 1 75 needs run Northweſt. I 13 

Secondly by the fourth and fifth caſe of plain Triangles 
having the two ſides of the Triangle, the Secant thereof, or 92 

the diſtonce. which the Current hath run in this time will be 39 

247 parts, which divided by the time 6 dayes outward, | Li 

and 6 dayes and an half homeward, in all 12 dayes and an} fo! 

half, gives about 20 parts for each day, and 7 parts for th« 

the half day - ſo that you may conclude the Current runs 

20 C. pts, which is 12 Miles a day. 5; 
Laſtly, for the true difference of Longitude and Lati>| 

4+ 15 tude of theſe two places; add the ſums of the North and® 
5 ®. South Columus together, they make 10 degrees, or little 
*+.more, the balf whereof-is 5 deg: which is the difference |: 

5 ©? of Latitude. For the difference of Longitude, becauſe 

wo 8; both wayes it fals out to be Weſterly ; you muſt nor add i 

o 92 them, but ſubſtraCct the one from the other, and the half of # 

o <9 the remainee will be 4 C. pts. which ſhews theſe two places 3 

© £4 Gifter little or nothing in Longitude, I 

By.this which hath been ſaid, I hope you will be inſtruCt- 3 


322 


ed not only how to find theſe Currents, but. how to-uſe them,  Þ 

The beſt way for you, will be to keep two ſeveral accounts, F N 

the one of which you may correct according to your obſer- F 1; 
vaticny the other keep only by the Log-line. And if you 'F y 

find any time that your obſervations do differ more than E: 0 

the ordinary, from your dead reckoning, you may. well MF © 

* The think there is ſome current which drives you out of the way. F ©c 
way how To conclude this point, when you know how faſt any # 32 
C 

k 

} 

1 


6 
$ 
5 
27 
"0 
7% 
3 


*n 


> 
4 


_—_ BY Current runs, and which way It will be good to ſet dovin in 
prefied ar Jour account, ſome * allowance for it.every day, or at leaſt 
the bot Every three or fonr dayes,{0 Your accounts will better agree, 
tom of the and be moſt exact both for Longitude and Latitade. . Thus 7 
form-rac- in yOur account oncward, allowing for the Current I E '2 
COUNTS, £ 20 parts 3 
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; C 20 parts a day, for the ſix dayes 120 parts. This by the 


Tables yields 85 parts for the Northing, and 85 parts for 
the Eaſting, which Northing added to the former, make 


7 the difference of Latitude 5 deg. and the Eaſting ſubſtract- 


ed from the Wcſting, there remains for the difference of 
Longitude, only 2 parts, which is little or nothing in theſe 
ACCOUnts. 

Likewiſe in the account homewards for the current V E 
130 parts for the 6 dayes and an half, this yields for the 
Northing 92 parts, and for the Eaſting 92 parts ; which 
92 pirts Northing, ſubſtracted from the Southing 5 deg. 
89 paris reſt for the diffcrence of Latitude, 4 deg. 97 parts. 
Likewiſe the Eaſting ſubſtrafted from the Northing, reſt 
for the difference of Longitude juſt o. And thus you have 
the true difference of Longitude and Latitude of theſe 
Courſes and Diſtances, as at firſt propounded, without 
any ſenſible difference in theſe accounts. 


CHAP, VI. 
How to make a true Chart for any part of the Warld. 


LL that I have hitherto ſpoken concerning Sailing, is 

YN chiefly (if not only) mcant of your failing by the 
plain Chart ; concerning wizich I might add many other Proz 
poſitions, which I ſhall refer to another place. But you 
muſt know that moſt of theſe Propoſitions, will not be tru- 
ly performed, (eſpecially in reſpect of Longitude) unleſs 
you are in places near the EquinoCtial, where the degrees 
of Longitude and Latirude are both equal. And therefore 
our Country-man Mr. Ed. Wright invented (although 4er- 
cator a forreigner almoſt got the name and praiſe thereof ) 
a very excellent Sea-Ciari, which performed the like coN- 
clufions, and almoſt in the like manner, and with as muct 
readineſs as the plain Chart doth ; but with far more truth, 
in all places, waich have any Latitude. The making and 
vfe of this Table, is now generally as well known as' tie 
Plain Cnarty and therefore L ſhall not ſpend much time to 
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inſtruct you in the making thereof, but rather ſhew you how | 
theſe Tables may help you inthe uſe thereof. ; b 
"Yet becauſe theſe Tables may ſomewhat help you in the i 
making of theſe Charts, when you want a Table or a Scale i 
.of the Meridian line, yon may ſoon make one by theſe | 
"Tables of. Secants, beginning at any-Latitude you will, 


Ea es tte "Theſe Tables are made by the ad- 
= _— _— dition of Secants, ſo that take what 
59 | 000 | 092. ; degreeof Latitude you pleaſe to begin 
$< 159 | 156 | ar, as here this Table begins at 50 de- 
[52[102 | 1321 | orees, let that be your Radius, then 
"53165 | 437 | Jook the Secant of 51 deg. in the laſt 
54170 | 657 | line of the Leaf, where you ſhall find 
55 1174] 33T | 158.90 (but omitting the. 2 laſt Fi- 
17) 1019 | gures, reckon 159) and ſet this againſt 
'$7|154 , 119+ | <1 4eg. and then look out the Secant 
53| 189 1383 of 52 deg. which is 162, and add this 
59| 194+ 1577 | to159, it makes 321, and ſet this in 
(901200 11777 | the next Column, and ſo for the reſt of 
the degrees, as many as you deſire. 
Thus you ſhall have the true proportion of theſe whole de- 
grees of Latitude of this Chart, to the cqual degrees of 
Longitude, as exactly as you need deſire. 
Asfor the Minutes, or Centeſms of theſe degrces.,(though 
it will be ſufficient to divide each degree into ten parts) 
thzſe you ſhall have exaCtly caſt up to your 
 D. pes. pre. | hand in the Tables, ſo that you need but 
| ——| turntothe degree you would divide, and 


> alice wt there the parts thereof are ſet down to 
mY ? a your hand. Asif you would divide the 5 1 
-0| #®/ deg.which is between 50,and 51. Turn to 


—_ wed the Secant of 51 deg. and there you ſhall 
* a 72] findthe ſeveral parts thereof ready caſt up 
© 1 95{ in this Table. 
| Thus by a larger Decimal Scale you may 
| lay down the whole degrees of your Chart, 
92 11431" ayd then'by laying a lelſer Decimal Scale ; 
;2 1-2” to tne beginning of each degree, you may 
aivide your Meridian very neatly, and 
«1th much caſe. C But 


p. 
:4 
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But this will be more exact, eſpecially in Places which 


2J have great Latitude if you make your Table for every half 


Degree, and ſo take out the half 
D. pts. Seca. |Merid.| Secants, Or the Secants of 50 
> 00 on: 7 ſetting them half a Degree 
50. _ 78 -3 forwarder than they ſhould be. 
_ 2 29| 157 Thus in this Table, beginning 
—_ ro! 79! 235| 250 degrees, whica 1s the Ra- 
52. oo! 81] 317 divs ſet down oo Secant, oo Me- 
52. 50, $1| 398 ridian, then for 5o d. 5o pre. 
32| 481 | fake half of the Secant of 50. 
3. 50. 83] 564 deg. which you ſhall find at the. 
54. oo! 85] 649 bottom of the Leaf, againſt 50. 
| 8; 734 in the margent, which is. 78,.. 
55. 00! 87| $21 being half of the whole Secant 
55. 50. 87] go8| 156 and fer this down agamſt 
56. oo! 89 | g997| 59 d. 5o pts, as you ſee in this . 
89 | 1086 Table.. Then for 51 deg. take. 
57. 00] 92! 1198 the half. Secant, or the Secant of 
57. 5o! 92 1279| S9pth which is 79, and add this 
| 04 | 1364 | tothe foreſaid 78, it makes 157. 
58. 5ol 94| 1458] Likewiſe for 51d. 50, take the 
59. 00| o7| 1555] halfSecant of 51d. again,which 
59. 50i 97! 1652| is 79, and addit to theformer, 
60. 02 | 100 | 1752 | It makes 236, and4o ſtill uſe the-. 
half Secant twice z as you may. 
——! ſee more by the Table. . 


And thus at. laſt there grows fome diffetence between 
theſe two-Tables, though but little in every Degree, which 
by that time it comes to 60 Degrees, is ſomewhat conſide- 


'F rable, the firſt making the Meridian 1777 pts. and this but 
3 752, which is much the truer, the true parts by Mr. 


Gunters Meridian Line being 1755- The degrees being 
thus ſet upon your Chart, you may divide- them -into Mi- 
nutes, tenihs, or 100 pts. as before. 

If you have any further need of the Meridian Line, either 
for. the. making of your Charts, or the caſting, up of your 
account thereby, totry how it agrees wiih theſe Zllowing 
Rules, you ſhall have a full and plain Table thereof at the 


end of the other Tables. 
I» According. :- 
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According to theſe Rules and Tables having made your 
Chart, they will be a good Help unto you in the keeping. 

of your Account, ſhewing you ſtill whereabouts ycu are,and 

which way you muſt ſteer your Courſe, and when to add or 
fubſtract your Lati.ude or Longitude; as the plain Iable did 

before, being all one in cffe&, cnly the Degrees cf Latitude 

are inlarged, according to the Proportion of the Longi.ude. 

And here obſerve, though I made {ome uſe of the table 

of Secants before, yet now I 2m to ſhew you a far more ex- 

cellent uſe thereof; which indeed was my chief Intent and 

Purpoſe in this preſent Treatiſe. For here you ſhall ſee by 

theſe tables of Secants, all the Problemes of Navigation, 
performed upon Mercators Chart, as before they were per- 

formed upon the Plain Chart, without any Calcula.ion ; ha- 

ving ſtill yourNumbers ready caſt up for you in theſe T ables. 

The ex- ASsthis is that which hath been hitherto wanting, fo I 
c<llent uſe hope, being ſo new and excellent a way, It will be both wel: 
of theſe come and profi:able to you ; Mr. Norwood in his Seamars- 


—_ of Prattice, hath well explained and applied ihe firſt part of 


— 


never thus theſe Tables, viz. the Table of the Sines ; but yet he makes 
applyed no uſe nor mention, either of the Tangents, or Secanis; not 
by any ſo much 2s in the plain Table acc-ount,in which you ſee they 
man be- are of good uſe, and many Propoſitions therein cannot well 


_”_ be reſalved without them. 'But for the applying of them to 


this Chart, I think neither he or any other ever yet thought 
of it. © But herein you ſhall find them cf moſt excellenr uſe, 
far beyond. the Meridian line ordinarily practiſed, which 
c2nnot be uſed without Calculation. But as all chings that 
arc new and unknown may ſeem a little hard and difhcult 
at the firſt, ſo perhaps the manner of working theſe Conclu- 
fions, may ſeem at firſt unto you. But thus much you ſhall 
find, that thoſe which are moſt neceſlary, are the moſt eaſie 
both for your learning, _ and for your uſe; and there- 
fore to encourage you the better, I ſhall begin with them. 


Propoſition ils 


By the Rhumb and the Diſtance ſailed upon the Rhumb ; to 
find the true Laticude and Longitude, according to the 
fue Sea Chart, in any Latitude. 


4 This 


to 
he 
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This I know you will grant is the moſt uſual, if rot the 
moſt neceſlary Propoſition in the practice of Navigation ; | 
being the manner of keeping your accounts at Sea, which 
you call your dead reckoning, And the performing of tits 
by cheſe Tables of Secants, is ſo plain and eaſje, thut 1 ave 
little more to fay to it, then what I have ſaid already inthe 
former Chapt*1s, concerning the way of keeping this ac: 
count upon the Plain Chart, 

Firſt, you muſt make the like T able, and uſe the fame way 
which you did beforc, to find out the Eaſting and Weſting, 
the Nortiing and Southing of your Rhumb,which you muſt 
{rt own itkewiſe in your Table, juſt as you did before. 

Secondly, Likewiſe by Addition or SubſtraCtion of the 
Northing and Southiag, you ſhall hnd the true Latirnde of 
the ſeveral pi:ccs, as you did bufore But as for the Lon- 
=> as 1 cud you then, the Exiſting and Weſting in your 

Abie, will not ſhew che tru? Longicude of thoſe places, 
unieſs you »e nzar the EquinoRial, where the degrees of 
Longitude and Latitude are both of equal length and 
breadth unto each other. 

Therefore ia the third place, before you come to turn 
your Eaſting and Weſting into Longitude, make another 
Columnin your Table, which you may call che Secant Co- 
lumn,in which you ſhall ſer down your Eaſting an:1 Weſting, 
as it ought to be inlarged in the number of deg. or parts of 
degrees, according to that degrees Latitude which you are 
in at the preſent time ; And this inlargement of the Eaſting 
and Weſting, is the work whic': I ſhall now moſt plair'y 
and readily ſhew you how to find it ont, - by theſe Table: of 

Secanis ; the manner whereof 1s briefly thus. 
Obſerve the degree of Lati:ude i:. which you have made 
your courſe z (which you ſhal} alw-:yes find-ready in your 
Table, if you ſum up your Column" of Latitule, as you 
ought fo do) and turn to the ſid v-gree in theſe Tables, 
and in that Leaf, look down the {;!2: gent for th. number of 
your Eaſting or Wcſting, which YOu. nave {:r down already 
in your Tables, and againſt ic in :$ £2 li;.e, uacer the co- 
lumn of Secants,you ſhall have the txue parcs of your Long 
tudeinlarged as they ought to be, WW. 1ch being (ſet down In 
your Table of account, In tne colunn of Secants, they = 
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be afterward added or ſubſtracted, as the Eaſting or Weſt=. 
ing of the Longitude. requires, and ſo ſet down as you ſee 
them in the column of Longitude, by this means your Ta- 

ble of account ſhall be made very true and. perfect, ſhewing 

you the true Longitude and Latitude of the place where 

you are at any time, which you may prick down upon any 

Chart, Map, or Globe, and ſo know exattly where you 

zre, and which way to ſhape your courſe, to what ever 

place you intend to go. a 


This Table of account andthe following Chart, will 
make all as plain as may be- 


| The |diſta. !Nor.-: Sou. Weſt | Latit, Long, 
| The places. | Courſe. | D. pts D. pt.D.pt. D.pt. | D. pt. D. pt. 


; From A. 5000| OO O00 
from A to 1. [50 gs CO 27 
from 1 to 2, ] 5192 OO 82 
from 2 tO 3, [1c 5279 OL 62] 
from 3 to 4. | 5355 02 68] 

| from 4 to 5, ;C CO t | - } 54 19 > | 03 97|Þ 

| from 5 to 6. [1 co | 54 6g O05 45 

| from6 to 7. 7 eo*:; Je | £6 © C7 09 

| from 7 to 8, co | 55 20 o8 80 


— 


from 8'to 9! ST 10 CO 5 4 22 C8 g1 
| from 9 to 10 20 CO 4153 26 O7 95 
| from 1Oto 11 | + | OO | 5242 O7 14 
from 11 to 12 -1 CO 5165 C6. 10 
from 12 to 13 x. + | 5101 | 04 8g 
from 13 tO 14 CC | 5051 OZ 54 
CO 24 &4 [50 17 ©2: OS 
CO | 50 Oc CO 56 
36 | 1 3O CC OO OO 


w— 


In this Table and Chart-you.may ſee that the Port you 
ſail from 1s ſuppoſed to be at A, having 50 deg. of Latitude, 
and 00 degrees of Longitude ;. and irom hence ſuppoſe that 
the firſt day you ſail North-Eaſterly, . upon an angle of 
Io deg. which is almoſt North by Eaſt, to the diſtance of 
one degree, or 1004parts,, and you find by the Table of 
Sines (as before) that the Nothing of this courſe-and di- 
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ſtance 15 98 C.pts. and the Eaſting thereof is 17 C. prs, 
which mult be ſet under the Columns of North and Eaſt. 
Now this Northing added to the for:ſaid Lititude of the 
place A, which was 5o deg. 'makes tic Latitude of the 
Note this Place you are in 50 deg. g8 parts, cr a'moſt 52 deg, as the 
well, for column of Latitude ſhews. * Bu. now for the Longitude 
here is all you mult not reckon your ſelf to be in co deg, 17 par.s ; but 
thz2 Gfte- turn to the degree of the Latitude you have ſailed in, be- 
rence. Of 5,5 hetween 50 Or 51, but rather take that degree which 
work be- . ? : k 
tween IS neareft (rather moſt Northerly) being 51, and n that 
thcſe two Leaf,againſt the number of your E:ſting, which is 17 parts, 
Charts, you ſhall find that the Secant thereof is 27 parts. This 27 
wiich = parts is the true difference of Longicude 1nlarged, which 
thews t* you muſt ſet down in your Table of account, in the Se- 
Longitude 4 count, 
exactly, & Cant column, and this added, to the Longitude of A, makes 
is moſt ea- the true Longitude of this place to be oo deg. 27 parts. 
fily per- And thns alſo for the ſecond day and courſe, wiich is 
os o IT E 20 deg. ſuppoſe you ſail one degree-or 100 parts more. 
Me: of ee. T ue Northing of this is 94 parts, and the Eaſting 34 parts. 
-ants., Tus Northing added to the former days Latitude, makes 
the Latitude you are 121 5r- deg. 92 min. And therefore 
turilty tothis degree of 52, inthe Table of Secants, you 
Nall hind there, that your 34 parts of Eaſting, makes 55 
par:3 cf Longitude, which added to the former Longi:ude, 
makes the Loig1 ude of this piace oa deg. 82 parts, and fo 
you muſt do fur | rhe reſt. 3 : 
And thus you fee this tronbleſome buſineſs of propor- 
iniing thedegreesof Latitude and Longitude, is moſt rea- 
dily and exactly performed by this Table of Secants; far 
beyond any otner way of the Mericlian line ; which cannot 
be uſed without the Rule of Proportion ; and in moſt caſcs 
(ſpccially in ſuch ſmall diſtances) as exact as any way cf 
Cajculation need be. | | 
And it you reckon yeur Ships way, thus in degrees and 
hundred paris,as ihe Tables are fitted for -it; you {hail have 
the moit ready and exact way of keeping your account true 
and perfect, according to the Globe, and round-body cf the 
Egrihand Sea, thet eyer was, Or can be invented, 
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This. Table of account and the following Chart, will 
make all as plain as may be. 


TS The |diſta. {Nor. Sou. | Eaſt |Weſt | Latit, Seca, 
D. pt. |D.pt. D.pr. | D.pr.| D.pt. | D. pt. 


The places. | Courſe. | D. pts 
— —— — 


From A, d. 5000 
| from A to1,|NE 10 5098 
from 1 to 2.|] NE 20 5192 
from 2 to 3.| NE-30 5279 
from 3 to 4.| NE 40 5355 
from 4 to 5, | NE 50 5419 
froms to 6, | NE 60 54 69 
| froms to 9.| NE 70 55 03 
from 7 to 8, | NE 50 55 20 


{from 8 to 9g | SY 10 
from 9 to1o0|SW20 
from 10to 11x | SW 30 
from 11to 12 | SH 40 
from 12 to 13 | SW 50 
from 13 to14 | S}/6O 
from 14 to 15 | SI 7O 
from 15 to 16 | $1930 
from 16 to A. | 
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Propoſition 2, 


By the Courſe and difference of Latitude, to find the true 
difference of Longitude. | 


This is the ſecond queſtion neceſſary in keeping your ac- 


count ; for hereby you muſt correct your dead reckoning,. 


when the Latitude thereof doth not agree with your Lati- 
tude by obſervation. And herein,as I told you before, there 
are two caſes, the. one, when you have failed only upon 
one Rhumb : the other, when you have ſailed upon two or 
more ſeveral Rhumbs. 

- If your correction be in reſpe& of one Rhumb ; mark 
what Rhumb it is you have ſailed upon, and turn to the de- 
gree thereof in the Tables, then look down the Margent 


of that Leaf, and there find the difference of Latitude 
> To : which 
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which is between your dead reckoning and obſeryation, 
and jn that line in the Table of Tangents, you fhall have 
the Eaſting or Weſting belonging to the ſaid difference of 
Latitude upon that Rhumb, as before in the uſe of the Plain 
Chart. | | 

Let this difference of Latitude be added or ſubſtrafted 
to the Northingor Southing in your Table of account, as 
the occaſion requires, Likewiſe let the Eaſting or Weſting, 
be added or ſubſtratted to'the Eaſting or Weſting of your 
account : your Northing being thus correfted, andet into 
the column of Latitude, ſhall without any farther'trouble, 
"ſhew you the true Latitude of the place you are inz But 
your Eaſting or Weſting muſt be firſt inlarged, accarding 
to the Latitnde you are in, by therules of the former Pro- 
poſition, 'and-fo ſhell ſhew'you: the true Longitude, being 
added or ſubſtrafted to the Longitude of the farmer ac- 
count, as you mult caſt itup all along your Voyage. 

For example, ſuppoſe you ſail from A, whoſe Latitude 
15 yo deg. and Longitude 20 deg. upon the:third Rhumb,or 
angle of 34 deg, toward the N E, according to your dead 
reckoning bout the diſtance of one degiee or 100 parts, 
which is at the point B ; your Latitude and Longitude will 
be according to your account by theſe foreſaid rules, Lati- 
tude 50 degrees, 83 parts, Longitude 20 deg. 87 parts, as 
in this Table. On 


% 


North | Eaſt. Latit, \ Secun. ). Longit. | 


| Dif. 


[The place A 50 OO 20 Od 
NE 34d. 100 $3 56-j 50 83 | 0 87 | :o $7 
| 21 I7 30} SEQDLO 27 [| 221 Og. 


Now ſuppoſe that moines fair obſeryation of the Lati- 
tude, you hnd your ſelf to.be juſt in 51 deg. whereas by 
your account you:thought your ſelf to be but 50 deg. 83 
parts, here 1s a difference of 17 parts of Latitude. And as 
youare gone furtherin Latitude,: ſo you muſt go further in 
Longitude, alſo: then your 2ccount [ſhews 'for, -which yau 
deſire to know exactly. Firſt, therefore you mult corre& 
your Northing and Eaſting, by the Tangent of the-angje 
of the Rhumb 34 degrees, which wall allow for the 17 parts 

of 
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of Latitude 1 1.4-7 parts of Eaſting : So you muſt ſet in your Alfo the 
Table" of account 17 parts under the North column, and Secant of 
rx parts under the Eaſt column. Fhis 17 parts of North- this angle 
ing added to your former Latitude 50 deg. 83 parts, makes F foe he 
it juſt 51 deg. of Latitude. Now to find the Longitude be- diſtance 
longing to theſe x 1 parts of Eaſting, you ſee you are come run,which 
to 51 deg. of Latitude, turn therefore to 5 1 degrees in your !5 21 ts. 
Tables, and there againſt 11 in the Margent, you ſhall /”* 
find the Secant ro be 17.48, for which you may ſet down 
only 17 in the Secant column, and this added to the former 
Longitude, which was 20 d. 87 parts, makes it 21 deg.04 
parts, and this is the true Longitude of the place you are in. 

ThisI account the beſt way of correfting your account, 
working only by the difference of Latitude which you find 
between your dead reckoning and obſervation ; and not by 
the whole difference of Latitude which you have failed, e- 
ſpeciatif it be any thing a great diſtance exceeding 4 or 
5 degrees: for in this caſe, in regard every degree of La» 
titude doth alter ſomewhat from another, it will be more 
trouble becauſe you muſt work by the middle Latitude, and 
that ſometimes will not be ſo exactly performed as you may 
by your Ruler upon a Chart that 1s truly made, and hand- 
ſomely delineated. 

And therefore now I come to this ſecond caſe, wherein 
you may be ſupppoſed to have made a farther progreſs in 
your Voyage, and have failed upon ſeveral Rhumbs, and 
not have opportunity to make obſeryation of the Latitude 
before, and now find ſome difference between your account, 
and obſervation of the Latitude ; In this caſe as I told you 
before in the uſe of the plain Chart, ſo here alfo by the dif- 
ference of Longitude and Latirude,you muſt find the Rhumb. 
between this firſt and laſt place of your account. This you 
may do by theſe Tables, as I ſhall ſhew you inthe next Pro» 
poſition ; but it will be better to ſave the labour, and only 
to draw a line in your Chart between the two places, and 
to find the angle of the Rhumb between them with your 
Compaſſes: which you may do as exactly (yea, perhaps 
more exaaly when the diſtance 1s any thing great) as you 
can by theſe or any ether Tables of Meridianal parts, I am 


fure far more readily. | 
>» K2 The 
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The reaſon of this finding the Rhumb between the two 
places I ſhewed before, * therefore 1 ſhzl not here. fepeat 
it, though it be many times of much concernment 1n your 
account, and therefore not to be negleCted, eſpecially when 
you are forced to any great alteration of your-Rhumb. 

Having found the Rhumb between the two places, work 
by this angle, and the difference of Latitude between your 
account and obſeryation ; finding firſt the Eaſting or Weſt- 
ing belonging to that difference of Latitude; and ihen by 
the parts of Eaſting or Weſting, find the inlargement of 
them, according to the Latitude you are in, as I ſhewed be: 
fore by the Table of Secants; Thus this difference.of La- 
titude being added or ſubſtracted to your account of Lati- 
tude, and this difference of Longitude being likewiſe 
added or ſubſtracted, to your account of Longitude you 
ſhall have the true Latitude and Longitude of the place you 
arein. Provided that you are not driven out of your way 
by ſome unknown Currents ; as I ſhewed at large before. 
., An-example of this I count needleſs, being in effet the 
{ame as before ; when you have once found the Rhumb be- 
tween the two places, | 

And thus theſe two Propoſitions : 1. How to keep your 
account both of Longitude and Latitude ? 2. How to cor- 
rect your account both in Longitude and Laticude ? being 
the .moſt uſeful and neceſſary Propoſitions in Navigation, 
are moſt eaſily and readily performed by this Table of Se- 
cants 1n all Latitudes whatſoever, without any calculation 
with the Meridian line, which requires more trouble and 
labour, firſt in finding the parts of the Meridian between 
the two-Latitudes ; and then when you have found them, you 
muſt reſolye your queſtion by the Rule of Proportion. 


Propoſition 3, 
Hoxw to allow for Currents in your accounts. 


By what I ſaid before concerning Currents, it is manifeſt 


that for the moſt part they drive the Ship out of the courſe 


you reckon upon, both in reſpeCt of Longitude and Lati- 
tude, therefore if they be known (by ſome former obſer- 
- vation 
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yation or other means) which way, and how faſt they run ; i 


it will be very good to allow for them in your account, 
which will be much more perfect thereby. 

This allowance may be inſerted into your account either [ 
every day, or once in three or four days, according to the ! 127 tl 
Northing and Southing, Eaſting and Weſting thereof, as | TRE 
I ſhewed before in the Chapter of Currents ; which North= þ 
ing and Southing ſhews the Latitude in all places,: withour ' 
farther trouble ; But for the Eaſting or Weſting you muſt 
make an inlargement thereof, according to the Latitude 
you are in, as I ſhewed in the laſt Propoſition, if your dif- . 
ference of Latitude be not much, which will be when you - 
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make this allowance every day ; or ſail upon a courſe near . > hr 
the Eaſt or Weſt. But if you let your account run for three aY. 
or four days, without allowance, fo that your difference j: i 
of Latitude be 4 or 5 degrees, or more, then you muſt | 


make your inlargement of the Longitude, . according tothe | k "17-1 


former Rules by the Table of Secants, but you muſt not 


work by the Latitude you are come to, but by the middle. _ x 5,00 
| Latitude between the two places,for ſo your Longitude ſhall 2 on 
be more exact,as you ſhall ſee more in the next Propoſition. - - ' / F147 


Thus if you were to ſail from Cape-Race, or ſome part of 
New -Found-Land, having Latitude 5o deg. and Longitude 
330 deg. the Current running 20 C. pts. North-Eaſt every 
day,you may frame your account thus, allowing for the Cur- 
rent (as it is beſt ) every day, or upon every alteration of 


your courſe. 
[| Ee ens EP _ , 
Cowſe | Diſt, jNonth South Eaſt |Weſt |Latit, Secat. | Longit. | We! 
New-found-land d, : , 50 o| 330 O : L 
The firſt day [NE 10} 100 : 17 Met 
Current, NE 4 20 14 I4 i; 
. |__| Dj els 6 
The 2 day NE 20 120 | "as | 34 
Current. NE 43 20| 14 14 | 
"_p" | 45 32 30] 781331 26} 6 
The 3 day ' |Nn x >| "—y £0 | ; 2 2091 #; 
3 ICOf $ ED 031 332 C ; 
Theta NE 40 100 2 | ws bs SI 109 353 15 a. 
1C ay, NE <© OO | 7 - 2 324 « | pa! it 
Current, av, ih is bi RT bes = os , 6 NN; 
for theſe 3 days |NE 45' Gol qg2l \ 42 {54 5g] 71) 335 1d} "Rug 
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By this Table you may ſee plaivly how to allow for the 
motion of the Current in any Latitude, either eyery day, 
.or once in three or four days; and by comparing this with 
the former. you may ſee what difference ſuch a'Current may 
ThiTabte Wake in your courſe ina little time; for whereas by thar 
:« ineffet T able, in five dayes time you ſhould be in 54 deg, 19 parts 
all one of Latitude, and 3 deg. 97 parts. of Longitude, which is 
with the at F upon the Map;Bythis Table you ſee you are come to 54 
former, geg.go parts of Latitude,and 5 deg. 18 parts of Longitude, 
; Aa which is at D upon the Map. So that the difference of La- 
Longi- Titude is 69 parts, and the difference of Longitude is 1 deg. 
tude are 21 parts, in the ſaid five days time. $So that this is a thing 
changed, yery conſiderble, and good uſe may be made thereof, if the 
—— Son true courſe and ſwiftneſs of Currents were known, and 
of Lon- Eherefore as they are by all care and diligent comparing of 
gitude your courſe outward & homeward indeavoured to be found 
would be out; ſo being found I could wiſh they were made more 


the ſame, 5 : 
org publick for the general good 


not for the ; 
ſuppoſed Propoſition 4+ 
Current, 


By the knowledge of the Latitude, and Longitude of two 
places, to find the Rhumb, and alſo the diſtance between 
them, upon the ſaid Rhumb. 


This Propofition admits of three ſeveral Caſes. 

This firſt is when both places have one and the ſame Me= 
ridian, and difference only in Latitude. 

The ſecond is when the two places have one and the ſame 
_ and differ only in the Longitude of their Mes 
Tidians. | 

Thethird caſe is when the two places diffr both in Lati- 
tude and Longitude. 

And each of theſe cafes may have two or three varieties, 
Viz. 1, One or both places being under the Equinottial. 
2. One or both places being to the North or South of the 
Equincctial. 3. One place being to the North, and the 
other tothe South of the EquinoCtial. 

But theſe varieties many of them are not ſo proper to be 
zefolyed by this Chart, as by the Doctrine of Spherical 

P) Triangles, 
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Triangles, here we ſhall only ſpeak of places which have no 
great diſtance, they being beſt reſolved by theſe Rules. 

For the firſt of theſe Caſes, If two places have one and 
the ſame Meridian, and differ only in Latitude : then the 
Rhumb between them muſt needs be North, and South, and 
the difference of Latitude, is the true diſtance between the 
two places, let them be jn what Latitude they will. For 
though the degrees of Latitude in the Chart do ſeem to en- 
creaſe, and grow longer toward the Poles ; yet they are 
all of one length, iz. about 20 Leagues, 'or 60 Miles and 
that inlargement of them in the Charr, is only in reſpect of 
the degrees of Longitude; which though they ſeem (on 
the coutrary) to be all of equal breadth, yet grow leſs and 
leſs toward the Pole,one deg.in the Latitudeof 60 deg.being 
but 10-Leagues or 30 Miles, which is but half a degree in 
the EquinoCtial. | 

So that let the one place be A in the Latitude of 5o de- 


grees,and the other in the Latitude of 55 deg.under one and | 


the ſame Meridian,or line-of Longitude z the courſe between 
them is North, and South, and the diſtance is 5 degrees, 
according, . to.the.. difference of Latitude.between them: 
which makes 100 Leagues, or 3co Miles. e mw 

For the ſecond caſe,.when both places have one and the 
fame Latitude, but differ; only in Longitude ; then the 
Rhumb between then mult needs be Eaft and: Welſt.: : But 
the diſtance is not according to the degrees of Longitude 
(as before) but bears-a proportion to the Caſine of the 


Latitude. 


So that as the Radius) 
To the Coſine ofthe Latituge. | EP. 
© So.their difference of Longitude in degrees and parts, + 
To their diſtance in degrees and parts. "gs 


This may beſt be found out vpon the Chart thus, Open 
your Compaſſes to: half che diſtance between the two places, 
and ſetting ohe font of your Compalſlles in the common Las 
titufe of the two places. _ Mark how far the other. Foot 
Will reach both above, aud below jt,upon the A 
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and the Degrees of Latitude between theſe two points, will 
be the Diſtance; (or very near) between the two places. + 

But this may be far more eaſily performed by thefe Ta- 
bles, as thus ; Firſt, turn to the Degree of Latitude which 
the two places are in, and find in the Margent the Degrees 
of the difference of Longitude between the two places, and 
in that Line inthe Table of Sines, under the ſaid Latitude 
of the Places, you ſhall have the true diſtance in degrees and 

arts. | | 

Thus let the two places be A and H, both in the Latitude 
of 50 degrees, and let their difference of Longitude be 9 
deg. turnto 5o deg. in the Tables, and againſt 9 inthe 
Margent, under the Sine of 50 deg. you ſhall have 5.79, 
which ſhews the diſtance between the two places is'5 deg. 
79 parts, which is 116 Leagues fere, or 3475 Miles fere, 

Or elſe let the two places be G and E, both in the Eati- 
tude of 56, and their difference of Longitude 6 deg. 75. 
parts. Turn to 56 degrees in the Tables, and under the: 
Sine of 56. deg. you ſhall find thus ; | | 


For ſix degrees of Longitude 3 deg. 36 parts: 
For 75 parts of Longitude © 42 


i 


Which added, ſhews their diftance 3 78 
Which makes 76 Leagues.or 227 Miles fere. 


The third Caſe is, when both the places differ both in 
Longitude and Latitude. : 

This is the moſt nſual Caſe, but yet let me tell you, that 
this Queſtion may with more eaſe, and as much exaCtneſs, 
be reſolved upon your Chart with your Ruler and Compaſ- 


es, as by theſe or any other Tables of Meridianal Parts.z 


eſpecially when the diſtance is any thing large, F mean about 
4 or 5 degrees. And therefore I ſhall rather adviſe you to 
uſe that way, and to follow the Rules to this purpoſe, in 
my Geometrical Sea-man, eſpecially in finding the Rhumb 
between the two places, which as - it may moſt readily be - 
found out thereby, ſo if you have any-care, you may find the 

Rhumb as exaCtly.as you need, or can ſteer your Courſe to- 
apy places But. 


0 
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But that you may ſee here is nodefet-in theſe Tables, in 
this particular, more thanin any other, the way of work is 
thus, which is ready: enough, being well underſtood, and 
alittle practiſed, 


Suppoſe the two'places to be A and E! A in the Latitude _ 


of 50 deg. and E in the Latitude of 56 deg. and the diffe- 
rence of Longitude between them is ſix degrees, 75 parts. 


Now it is deſired to know the Rhumb, and the Diſtance be- 
tween thoſe two places. | | 


Firſt for the Rhumb. 


Fir, Conſider the ſeveral Latitudes of the twoplaces, 
which is 50 deg. and 56 deg. and take the middle Latitude 
between theſe two, which .is 53-deg. Turn to this degree 
in the Table, and there find the true difference of Latitude 
in the Margent, which is 6 degrees, and againſt it in the 
Table of Secants, you ſhall find 9.97, that is 9 deg. 97 parts, 
for the difference of Latitude inlarged, which you ſhall find 
much as one with your Meridionah parts in Mr, Gunters Ta- 
ble, which are 9 deg. 99 parts, which makes the deprees of 
Latitude proportionable to the degrees of Longitude, and 
with this Latitude enlarged you muſt find your Rhumb, as - 


before in the like Caſe upon the Plain Chart, which may, be.. 


done by the little Table of Tangents. 
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As the Latitude inlarged 9 deg. 97 parts 
Tothe degrees of Longitude 6 75 

So is the Radius 10000 
To the Tangent of the Rhumb 6770. 


Which is the Tangent of 34 deg, 10 parts. 


Or elſe thus by theſe Tables, findg deg. 97 parts, or 10. 
degrees (which it comes to very near) in the Margent, and 
tura over the Tables, till you find 6 deg. 75 againſt it in 
the Table of Tangents; this you ſhall find exactly at 34 de- 
grees, ſo that you may conclude this is the angle of the 
Rhumb between the two places, being much about the. 
third Rhumb from the Meridian, which is 33 deg. 45. 


Now for the diſtance of the 2 Places, 


The Rhumb being thus found, the diſtance is much more 
readily found; For you need only find the true difference 
of Latitude, which 1s 6 degrees in the Margent, and the 
Secant againſt it, under this angle of the Rhumb 34 deg. is 
7.24, which ſhews the diſtance of the two places, to be 7 
deg, - parts, that is 145 Leagues fere, or 434 Miles and an 
half fere. ; 

If you will perform this by Calculation, uſe either of 
theſe wayes. 


As the Coſin2 of the Rhumb Coſ: 24.10 $281 
To the true difference of Latitude 6 deg. 6 deg. 00 

Sois the Radius 10000 
To the diſtance required | 7d. 25- 


Or elſe ſomewhat better conſider the former work, and-. 


more agreeable to theſe Tables, 


As the Radins - | 10000 
To the difference of Latitude | 6d. 00 

So the Secant of the Rhumb 1 Sec, 34.10 12076 
To the diſtance - | 70.25: 
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Cf Safling by'a Great Cirtle. 


I might here make a ſhew of many more Propoſitions, 
by varying ſome of theſe ; but theſe contain all others, and 
in your keeping of your account, there will be no need of 
others at all, neither of any other way of performance of 
them, this being the beſt and plaineſt, and therefore I will 
not trouble you with any other. 


CHAP. Vi 
Of Sailing by a Great Circle. 


— which Thave'ſaid in my Geometrical Sea-man con- 
cerning this ſubject is ſo plain and practical, that I am 
confident there can be no better way to perform thoſe Pro- 
pofitions; And therefore I count it needleſs to ſpeak any 
fkning hereof: eſpecially ſince, when you have found our 
the way of the Great Circle according to Its Laticudes and 
Longitudes, you muſt thereby ſet it into your Chart, and 
fo keep your account by Rhumb and Diſtance, according 
to the rules aforeſaid. | 

Yet becauſe ſome that are more curious in theſe 

Arts, may not think that way exact enough, becauſe in 
ſome caſes the Tangent line either will not be large enough 
toward the Pole to ſhew the difference of Latitudes, or to- 
wards the Equator is toolarge : and becauſe others may 
doubt of the truth of the performance, (though there be no 
ground of exception to be made againſt it by any Artiſt in 
that particular, therefore to fatisfie both the one and the 
other, I ſhall ſhew you how to perform theſe concluſions by 
theſe Tables, ſo that they may find the Latitudes of the 
Arch of the Great Circle, as exa&ly as they pleaſe, to'Mi- 
nutes, or hundred parts of a Degree. And for the demon- 
{tration of the truth thereof I ſhall not perform theſe Con- 
cluſions, as (others nſe to do) by Spherical Triangles, but. 
reduce them into plain Triangles ,' ſuppoſing: the ſides 
thereof to be Tangent lines,” by which way The work of 
Calculation will be more plain and eaſie, and the trith'of 

the foreſaid Geometrical way fully demonſtracted. - 
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Propoſition 1. 


To find the Latitudes and -Longitudes of the Arch-of a 
Greal Circle, for a parallel courſe, 


Let the Example be the ſame as in my Geomerrical Sea- 
an, ſuppoſe two places, in the parallel Latitude of 40 
degrees, and let their diſtance of Longitude be 70 degrees, 
and it is deſired to know the Latitudes of the Great Circle, : 


for every ſif.h degree of Longitude? 


Theſe 
Circles 
are draw: 
by the Ta- 
bles of 
Natural 
Tangents, 
counting, 
the Lati- 
tudes by 
their com» 
plements 
from the 
Pole or 
Center P, 


Let the two places be ſet upon the Inſtrument, or upon 
ſach a part thereof as this here ; wherein P repreſents the 
Pole, A and C are the two places in the Parallel of 4 de- 
grees,being 70 Jegrees of Longitude from each other. Now 
{ fay, apart of the great Circle paſſing by theſe two places, 
is the ſtraight Line A BC, drawn from theone place to the 
other, which'as it croſſeth the Parallels of Latitude, at the ſe: 
veral degrees of Longitude, ſhews the true Latitudes and 


Longitudes of the ſaid Circle from the Equator, 
, d Now 


% 


Of Sailing by a Great Circle. » 
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Now for the proof of this, and alſo the more exact find- 
ing of the Degrees and Minutes of Latitude - Let this Tri- 
angle APC be conſidered as a plain Triangle, the two ſides 
whereof AP and PC, are 5o degrees, being the Comple- 


ment, of the Latitude of theſe Places from the Equator ; . 


now theſe ſides being natural Tangents, take the Tangenr 
of 50 deg. (out of the little table of Tangents) which is. 
1192, and this is the length of either of the ſides A P or 
CP. Thus you have two ſides of this Oblique Triangle, 
and the Angle hetween them at.P, which is 70 deg, the dif 
{erence of their Longitude. | 

In the next place you muſt reduce this oblique triangle 
APC, into two right angles, by letting fall the perpend1- 
cular, upon the point B. Now this is eaſily done, in this 
parallel Queſtion, by dividing the foreſaid Angle of Longi- 
tude 79 in half, which is 35 deg. and thus you have two 


right angled Triangles, APB, and CPB, all whoſe angles. 


are knonn, and the Hypothenuſals, which are alike in both 
the Triangles, fo that the reſolution of the one will ſerve 
for the other. 

Thirdly, By theſe things known, you may find the length 
of the perpendicular P B, by the firſt caſe of plain Trian- 
gles. For if you turn to the angle at ÞP, which is 35 deg, 


and find the. Hopothenuſal ſide A P, 1192 in the Margent, 


you ſhall find in the Table of Sjnes ; For the Perpendicular 
ÞB 976.3 To 


For 11.05 Perpendicular <c9g.01 
For 00.92 75-37 


Which added makes 970.37 


Now look theſe-Numbers in a Table, of Natural Tan- 
gents, you ſhall find the Perpendicular P B is 44.31 C. pts. 
or 19 min. - Now this Perpendicular fide being 44 deg. 19 
from the Pole P, the complement.thereof js the geateſt La- 
_titude, of the Great Circle from the Equator, which is 45 
dey. 49 min. or 69 parts. , - .— BY 

Fourchly, If you leave out the two laſt Figures of the Per: 
pendicular as being of little value, and account the line 
PB tobe only 976, maketh this your Radius, and ſo the 
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pricked lines from the Pole P, to the line of the ArchB A 
or BC, will be ſo many Secants, in proportion to the ſaid 
Radius, zccording to any Angles of Longitude you pleaſe, 
which need not be above every fifth degree of Longitude, 
as they are here pricked out, And now if you turn to 
theſe angles of Longitude in your Tables, and find this 
Radius 976 in the Margent, the Secant 2gainſt it will give 
you the true leng.h of the lines from P, which are all one 25 
I ſaid before on both ſides the perpendicular B. 

Thus for the lineP 5, the Angle at Pis 5 deg. and the 
Radius 976, turn to the Table of 5 deg. you ſhall find, 


For 97.9 The Seca. is 97.37 which isthe tang.of 44-21 pes 
For 00.6 60.2f whoſe compl. 1s 44. 59 pts. 


which added makes 97.9 7.2 Fwhich 15 the latitude for that 
longitude. 

Thus for P 10, the angle at P being 10 degrees find 
the foreſaid Radius 976, in that Leaf of the Tables, be- 
longing to 10 deg. and you ſhall have, 

For 97.9 The Secant is 98.49. The tangent of 44d. 74 prs 
For 00.6 62.2 Whoſe comp. 1845 26 


—_———— ————— 


99.09.9 the latitude for this longitude. 

And fo for the other Lines according to their ſeveral 
angles. 
d, pts. | d. pts. 
For P5 Secant 1c1.04 Tang. 45. 30 Lat. Arch 44-78 
For P 20 Secant 103.87 Tang. 46-09 Lat. Arch 4.3.91 
For P 25 Secant 107.69 Tang. 47.12 Lat. Arch 42.88 
For P30 Secant 112.69 Tang. 48.42 Lat. Arch 41.58 
For P A Secant 119.14 Tang. 50.90 Lat. Arch 40,00 


And thus by theſe Tables you have the chief thing which 
is needful in your Sailing, viz. the Longitudes and Lati- 
tudes by which the Arch of the Great Circle doth paſs be- 
tween theſe two places. As for the angles of Poſition and 
the diſtance, they are little to the purpoſe, only to help to 
find out theſe Longitudes and Latitudes of the Arch, in the 


ordinary way of Calculation. And though I have been 
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ſomewhat long, endeayouring to make every thing plain 
for young beginners, yet the thing of it ſelf is of more eaſie 
and ſpeedy performance, then any Calculation by Loga- 
rithmes.. 

And yet becauſe the diſtance between places ſeems a thing 


very deſirable. Firſt, if yow pleaſe you may find the di- 


ſtance of theſe two places, by the rules ofthe laſt Chapter, 
finding the difference of Longitude of theſe places being 


70 deg. in the Margent of theſe Tables under the Sine of 40. 


deg. which is their Latitude, for ſo their diftance is 53 deg. 
62 parts. 


Laſtly, it may be performed by theſe brief Tables of 


Natural Sines, and that with as much eaſe, as by the Loga- 
rithms, according to this proportion. | 
As the Radius 
To the Sine of half the differ. long. 35 deg. 5736 
So the Coline of the common Jat.Coline 40 7660 
To the Sine of half the diſtance 26.07- 4392 
Turn to the degree of the Latitude, (becauſe the Sines 
are inverted) whoſe Sine is 76.60, and there find the Sine 
of 35 deg. which is 5736 at twice in the Margent, ſo you 
ſhall have 4392, whoſe Sine is 26 deg. 07 parts, which is 
half the diſtance, this doubled is 52 deg. 14, which is the 
whole diſtance. 4 
The work is briefly this, under the Sine of 40 deg.” 


For 57.00 1n the Margent, the Table yields 4366 
For 00.36-m the Margent, the Table yields 2757 


439357 

Which cutting:off the two laſt Figures may be 4394- 

as before. | 
| | Propoſition 2. 

How to find the Longitude and Latitudes belonging to the 
Arch of a Great Circle. between two:places which differ 
both in Longitude and Latitude, lying both upon the one 
tide of the Equator. 


Let the two places be the: Bexymudas or Summer-Iſlands, 
whoſe Latitude is 32 deg. 25 min. or 41 parts, and the Ly- 
2ara inthe Latitude of 50.deg. ang their difference of Lon- 
gitude 
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gitude 70 deg. and it is deſired to find the Latitude of the 
Great Circle at every fifth deg. of Longitude between them. 

Firſt ſet the two places upon the Inſtrument in my Geo- 
metrical Sea-man, Or in ſome ſuch Figure as this, according 
to their Longitudes and Latitudes, the Bermudas at B, the 
Lyzardat Tl, andP repreſents the Pole of the World. 

Here now you have a Triangle, whoſe ſides are know, 
viz. Þ B the | | | 
Tangent of 57 
deg. 95 parts 
15745» and P 
Lthe Tangent 
of 40 degrees 
8391, ( being 
the co-tangents 
of the Latitude 
of the two pla- 
ces) and the 
angles between 
them being 70 
degrees. 

Now here 
you night ſave 
much labour.if 
with the Ruler . 
and Compal- 
ſes, you would 
let fall the per- 
pendicular, or 
draw the line 
P D fquare- 
wiſe to the line 
B L,which will 
fall about 11 
deg. and an 
half form L, 
and 58 deg.and 
an half from B, Otherwiſe you muſt be forced firſt to let 
fall a perpendicular from L, upon the line P B, and 
thereby find the perpendicular P D, which mult do the 
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chief buſineſs, being the Radius for the Sccants of the 
Arch. 

Yet this may be done as well by theſe Tables, as by any 
others, for if you work according to Spherical Triangles, 
the very ſame things mult firſt be found out, and require 
as much trouble. h 

Firſt, therefore for the perpendicular LF, and the fide 
PF. you have the angle at P 70 deg. and the Hypothenuſal 
P L,-the Tangent of 40 deg. 8391, by which according to 
the firſt caſe of Plain Triangles, turn to the Sine of 70 deg. 
inthe Tables, and there in the Columns of Sines finding 
the foreſaid number at twice in the Margent. 

For 83.00 78.00 28.29 

00.91 85.51 __ 31.12 
So the Perpendicular is 78.86 and the ſide 28.70 


This 2870 being the ſide PF, and being ſubſtracted out 
of the whole ſide Þ B, which was 15745, there remains 
12875 for the ſide F B, with which, and the perpendicular 
fide LF, you may find the angles of this right Triangle 
LFB, andalſo the ſide BL if need were. 

For look over theſe Tables, and find one of theſe ſides 
in the Margent, and the other in the Tangents, you ſhall 
find them fall between the Tangents of 31 and 32, and 59 
and 58 degrees. For if inſtead of the number 7886, you 
take 7900 ſomewhat near it, and ſo look out 79 in the Mar- 
gent, till you find ſome Tangent number which ſhall come 
near the other number 12875, you ſhall find, 

under 59 deg. The tangent 1S 131.48 The Seca. 153.39 
and under 58 deg. The tangent is 126.43 The Seca. 149.08 


The ſum makes 257.91 302.47 
The half or middle is 128.95 151.23 


Which comes very near the appointed Numbers. 


If you will find this angle at B more exactly, uſe this 
2r0portion ; | 


As the ſide FB 12875 
To the ſide L F | | 7886 
SO1is the Radius | ' 10000 


To the tangent of the angle B' + 6125 
Which is the Tangent of 31 d. 49 pts. 
F Having 
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* Having this 
angle at B, 31 
deg. 49 parts» [&\\ 
you may find F 
the perpend1- 
cular P D, and 
the ſide D B, 

by the firſt caſe 

of plain trian- 
gles. For the 
whole line B.P 
will be the 
Hypothcnuſal, 
which being 
15745 » theſe 
ſides will be 
found in the 
Table of Sines, 
under the an- 
gle of 31 de- 
grees and an 
half, to be 
thus, 
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r 749 38.66 
For 5 ©3 
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63.52 
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13-55-56 


Which figures joyned are $2269 and 13 5556. 
S0 the tide P D being the perpendicular, and which is the 
chief thing needful to be known, is 8227, omitting the laſt 


Figure to make it in proportion to the 
And this 8227 is the Tangent of 39 deg. 4 
M. 2» 


Radius of 10020, 


4 parts, whoſe 


Complement. 


* The 
angle here 
uſed is not. 
the true 
angle of 
Poſition, 
which u- 
ſeth to be 
found in 
Spherical 
operati- 
ons, buta 
Plain 
=__ li. 
ne le 
Cn 
near it, 
which 
doth the 
work 
more 
readily, 
and plain« 
ly, 
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Complement is 50 deg. 56 parts, which 1s the greateſt La- 
titude of this Great Circle. : 

And thus this oblique angle BP L 1s divided into two 
right angles, by this perpendiculer P D, all whoſe fides and 
angles are known, moſt of which labour might have been 
ſpared, by drawing this line with your Ruler and Com- 
paſſes, ſo you migar have found the one angle at P to be 
58 deg. and+, and the other to be 11 deg. 5, the whote 
being 70 degrees. 

Either of theſe ways having found theſe angles, you muſt 
conſider how theſe angles of Longitude have relation both 
to the places BorL, and alſoto the perpendicular P D, and 
ſet them down in a Table that ſo you may find the angles 
which the deſired degrees of Longitude make with the per- 


pendicular. Then according to the Radius of the perpen-. 


dicular, which here is 8227, ſeek the ſeveral lines from P 
to the line L B according to their angles with the perpendi- 
cular, which lines are only the Secants of the ſaid Radius, 
and therefore I call them Secants in the Table, and theſe 
Numbers being found out in a Table of Tangents, will 
ſhew you the ſeyeral diſtances of the Circle from the Pole, 
whoſe Complements are the Latitude of the ſaid Arch in 
thoſe Longitudes. 

Thus you have all things that are neceſſary for the de- 
ſcription of this Arch upon your Chart, according to the 
Longitudes and Latitudes thereof. As for the angles of po- 
ſition, they are of no uſe at all, it being better to look af- 
ter the Rhumb, which this Circle makes upon your Chart. 
But the neareſt diſtance between theſe two places ſeems a 
thing more needful to be known, which though the line 
B L between the two places being 15100, will not ſhew it 
truly, thorgh it be meaſured either way in the Tangent 
line; yet by what hath been done, you are ina good for- 
wardneſs to attain the knowledge thereof, according to 
the ordinary rules of Spherical Triangles. 
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| The angles of [Theanglesfrom Secants tofThe Tang,/The comp.ſhew- 
longitude from] the perpendi- the Rad. ſof the num-\ing the latitude 
B,  * 4 ear FD. $227 bers. of the Arch, 
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For in the letting fall the firſt Perpendicular from L to F, 
you found the ſide Þ F to be 2870, which is the Tangent of 
16 deg. 1 part, and this ſubſtracted from the whole ſide 
PB the complement of the greater Latitude 57 deg. 59 
parts, there reſts 41 deg. 58, for the ſide F B. 

Thus the firſt part of the operation is performed. 

The ſecond is thus, which you may belt perform by the 
Logarithm Sines, It being to be all wrought by Sines. 


As the Coſine of PF Cofine 16d. 01 com. Ar. 0,017158 


To the Coſine of F B Cofine 41 58 prs. 9.873915 
So the Cofine of ÞP L Coſine 40 oo pry. 9,3884254 


Tothe Coſine of the diſt. BL Coſine 53.47 parts 99775332 
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s Propoſition 3, 


When two places are ſo ſcituated, that the one 1s under the 
EquinoCtial, and the other toward one of the Poles, ha- 
ving difference of Longitude and Latitude : how to fin4 
out the Longitudes and Latitudes of a great Circle be: 
tween them ? ' 


If the place differ juſt go deg. in Longicude, the work. 


The firſt will be very plain and eaſe. For you muſt make the Tan- 
pap gent of the Latitude of the place your Radius, and then the 
—_— Secants agreeable to that Radius, according to their ſeve- 
ces differ ral angles of Longitude, will be the Tangcnts of the La- 
juſt 60 titude from the Pvle. 
deg, in Thus in the Figure following let S repreſent the Summer 
__ Iſlands according to the Longitude and Latitude thereof'; 

See the the line A S, repreſents a part of the Arch of a great 
8th Chap- Circle, toward a certain place under the EquinoCtial, whoſe 
ter ol My difference of Longitude from S 15juſt go deg. Now as this 


&. line SE ſtews the Latitudes and Longitudes of this Arch 


man, according to the largenefs of the ſaid Radius, and as far as . 


the projection will give leave, ſo it ſhews a moſt plain way 


for the Calculation thereof, when you. require more ex-- 


actneſs.. 
For here t 15-plainly viſible to you, that the Co-tangent 


of the Latitude, or the diſtance of S from the Pole A, muſt- 


be the Radius, and thenthat the ſeveral lines of Longitude 


drawn from the Center A to this line SE, are the Secants. 


of the ſaid Radius according to the. angles of Longitude, 
which meaſured by the Circles in the Figure, or the Tan- 


gents of Latitude in the Tables,ſhew the Co-tangents of the - 


Latitudes of the faid Arch, according to the Longitude. 
defired. So that this proportion will hold gcod. 


the pricked linz SE drawn from hence at right angles with 


Les 5-2 


OT Fae irnN 


DO ET OS WE OR yy Ss SONS pre SES ao ae ; 


5 


- bo Ie Rs 
ED PR PO OR rn ER ond ny Oe b. 254 Nee i 
NI I eas 


Df Sailing by a Great Circle, 87 


> RO ya Fig io Baa: 
EINE x. ELON Bt _" # Re A » 'd i 
REC DEW Mee. et ay 


OR RD 


£ 
ons Fs 


This is a Projettion of almoſt one half of the Globe inplano, 
wherein the Center repraſents the Pole, the Circles are the pa- 
rallels of latitude, whichtare drawn by a line ef natural Tan: 
gents , the ſtraight lines drawn from the Center are the Meri- 
dians, and ai theſe, are all ſtraight lines ;, ſo any great Circle 
drawn apon this Projeftion, will be a ſtraight | a and any 

ſtraight line drawn upon this Projettion,will be a part of a great 
Crcle,and ſhew the Longitude and Latitudes thereof. 
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As the Radius 


To the ſide AS Co-tangent, latitude 32, deg. 25 
So the Secaat of the angle of longitude 10 deg. 


To the Co-tangent of the latitude of the Arch. 


 — 


| {olefeſs) 
15745 
IO1 54 
15987 


Thus you may work it by the ordinary Tables of Sines, 
Tangents, and Secants. But if you will work more ealiiy 
by theſe Tables, then you need only turn to the angle of 
the longitude, as ſuppoſe 10 deg. and there according to 
your Radius 15745 take out the Secant thereof at wo 
entries, firſt the two firſt figures, or 15000, the Table will 

1523 5, ſhew for the Secant thereof 15.23. Then ſor 745; Or 743, 


159864 


- 75-643 which ſer intheir order, and added together,makes 
15986.4 the laſt figure 4 being to be cut off to make 1t agree- 


able to the Radius. And this number you ſhall find in the 
Table of natural tangents to anſwer to 57 deg. 97 parts, 
the Co-tangent whereof is the latitude of the Arch 32 deg. 
©3 parts. And thus you may do for any other degree of 


longitude, and ſet them down as in this Table. 


The Angles { The Sccants ! The tang. 


of Longitude.! to the R2dius 


D. AM. 15745___ 
co © 15745 
310 © 15986 
20 © 16758 
30 O 18186 
49 © 20379 
5o © 2.4496 
60 © 31500 
70 © 46053 
80 © 4.0699 | 
90 © | Infaue | 


of thoſe Se- 


cant numb. 


57 4.58} 
97. 97 
gy 37 
63 29 
63 86 
67 79 
72 39 
T7 7% 
83 70 
Infinite 


| 


The Co-tang. 
tewing the lat. 
of tiie Arch. 
324. 42pts. 


32 
30 
28 
26 
22 
17 
12 
O06 
00 


In like manner the line D W ſhews the arch of the great 
Circle from the Straights of Magellan, being in 53 deg. 
Sourh latitude, and the Iſland of St. Themas, being under the 
EquincQiial, and having go deg. difference in Longztude. 
Which ate thus to be caſt up. The line A W ſhewing the 
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Latitude of the ſaid Straights is to the Radius, and ſo the Se- 
cants from A to the line W D, ſhew the complements of 
the latitudes of the arch, according to their angles of longi- 
tude as before. | 
It is ſomewhat more trouble, ( but not rauch ) when the , £..,.1 
angle of difference of longitude is more or leis than 9o de- example 
grees; but here you muſt find out where the Perpendicular when the 
which muſt be your Radius, will fall upon the arch, twoplaces 
But yet this is eaſily performed in this caſe ; for the com- _ "1 
plement of the difference of longitude, is the angle of the leſs So 
place from the Perpendicular, ſo that you may readily frame go deg. 
your Table, and ſet down your angles both from your Place in Longi- 
and from the Perpendicular. tude. 
Thus ſuppoſe you were to fail from S to a place juſt un- 
der the EquinoQtial, having 42 deg. difference of longitude ; 
draw the line SF at the angle of 42 deg. from the point S, 
extending it on the other fide of Sto I or H, and let fall 
the Perpendicular upon this line 1n the point P, which as I 
ſaid before, is the complement of the Uifference of longi- 
tude, ſo that SP is 48 degrees. 
Theſe angles deivg known, the length of the Perpendi- 
_—_ A Þ will be found by the length of the. Hypothenuſal 
S. | 


For as the Radins 1COOO 
To the ſide AS 15745 

So the-ſine of the angle at S 42 d. 6691 
To the fide AP the Perpend. 10535- 


The ſame number theſe tables will give, for if you turn 
tothe angle 42, you ſh$11 find in the Sines under 48, ( the 4952 
cclume being tranſpoſed ) for 15.050, to 10.4; and for 74 
4952, which rightly placed and added, make 10535.2, the 105352 
laſt figure being cut cff : this is the length of your Radius 
AP, which is the tangent of 45 deg. 49 parts, the comple- 
ment whereof is 4.3 deg. 51 parts, which is the greateſt lati- 
tude of this arch. 


E 


Now the angles at the perpendicular, and this Radius 
found ; the other numbers are the Secants of thoſe angles 
belonging to this Radius 10535, which you may ſoon take 

, N C'3K 


Of Sailing by a Great Circle, 


out. of the tables of Secants, and ſet down as in the follow- 
ing table, and ſo find the latitude of the arch as before. 


Propoſition 4. 


How to find the longitudes and latitudes of the Arch, when the 
two places lye, > one Northward, the other Southward from 


rhe Equinottial, 


I have ſhewed plainly in my Geometrical Seaman, that thu 
the arch upon this Projection doth not ſo viſibly croſs the 
EquinoCtial Line, becauſe the tangents there run out to an 
infinite length : yet you may find very well where it will 
croſs the EquinoRtial ; by drawing alune parallel to any part 
of the arch, through the centre ac A. Thus theline A F pa- 
rallel to the line S F, doth croſs the Equinoctial at 42 deg. 
as you may ſee by the degrees in the Circle. And ſo like- 
wile the line EX K being parallel to this line, ſhews the 
arch repreſented thereby,which comes from the ſame point 
of the EquincQtial, and 15 the continuance of the arch S F 
upon the other ſide of the EquinoQtial. And thus you may 
continue the arch round about the Globe if need were, as 
theſe two parallel lines F STH, and EX KG, being equally 


diſtant from the centre A, are the greateſt part of this arch 


rcund about the Globe. 

Having therefore any.two points of the Arch, you may 
find all the parts thereof. And theſe two points you al- 
ways have; for in this Scituation, though you cannot draw 
this one line by both the latitudes, yet the oppoſite point of 
the one latitude, and the latitude of the other, ſerves as 
ou as if the places were both upon one ſide the Equino- 

tjal. | 

Thus if you were to ſail from S, having North-laticude 
32 dcg. 42 parts, to X, having South-latituce 35 deg. 20 
parts, and diſtant 9o deg. of longitude, you may draw one 
part of this Arch SF, by the latitnde-of S, and the oppoſite 
latitude of X in the point 1; and the other part of the Arch 
EXK by thelatitude of X, and the oppoſite latitude of S, 
which 1s K, | 


And 
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. : And thus working in either part of this Arch to find the j 
j{ Perpendicular, and ſo where theſe Arches croſs the Equi- pr 
= noctialaccording to the Rules of the ſecond and third Pro- "BÞ 
poſition, you may work molt exaCtly. Nh VM 
. Bur, as 1 ſaid before, if you be any thing careful,and work Aha 
by a good large Tangent-line, you may find this Perpendi- 
| cular, andthe degree where i falls, exa&tly enough by your 
” Ruler and Compaſſes, and fave much of this labour, it be- 
 ingneedleſsto beſo curious to.work to: minutes,, or hun- 

” dredparts ofa degree. 

> : And though I have ſhewn you theſe ways of calculation, I 

” would not wiſh youto keep ſtrittly to them, only they may 

|  beofa-very good uſe, that when yow have found out ſome 

| | ofthe latitudes and longitudes of the Arch, by your Pro-- 

; > jection of Fangents, and your Tangents run out too far, 

: = Casthey willin ſvch places as are near the EquinoRial ) then- 

: ” by the perpendicular, and the angles from it, you may make | 

> |! facha brief calculation as this, and ſo help your ſelf with _ 1h 

; ” out making another ProjeCtion, and do it ſomewhat more. | Ws 


IB exattly, andwithleſfs trouble. 
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Thus in this example having drawn the line 1SF and 
found the perpendicular to fall in P, at 48 degrees of lon- 
2itude from S, and the length of it tobe 10535, or the tan- 
gent of 46 deg. 49 parts; make a table of the angles, and 
workthis Radius 10535, and you ſhall find the latitudes of 
the arch as in this table, though you had but two or three 
of them upon the ProjeCtion. 


PS emma 


— 


The angles of { The angles }Secants to The tang,” The Comp, ] 
longit, from from the Per-| the Rade, of thele | or Latitude | 
the point S. |pendicular P.| io 3; | Secants. | of the Arch, - 

i rs 45 C| 15745 | 57. $$1 3% $8 2 | 

10 O 55 O 15550 | 63 30 20 - 7D =} | 

20 65 © 28123 | 70 43[19:57 E 

33 - V 3 oO] 50657 | 78 34 | 13. .10 m- 

ov $ oO | 301825 | 38 15 6 ag £4 

The Equi- nottial, | 

a, ES 

50 o | 95-8898] 75697 | 2 47[07 53 ©! 

co o [18S 572] 34992| 7; 5o[16 35 & | 

"v4 O 118 2262] 22449 | 65 65| 24 32 S: | 
mM 128 8 &52 17112 | 59 95] 30 30 Þ 

| 90 © | 138 8843] 14175] 54 70] 35 20 * | 


The firſt part of this table ſhews the way of the arch,from 
S to the EquinoGtial, the latter part ſhews the way from the +... 
EquinoCtial to X in 35 deg. 20 parts of South latitude, pes being 
wherein all things are ſo plain,that 1 hope they need no fur- above ge 
ther explaining, only here you may take notice, that the deg. take 
angles at the perpendicular being above go deg. in The lat- _ or 
ter part of the table, you muſt take their complements to _— «Sd 
180, which isa ſure Rule in any like caſe. - grees. 
And thus theſe latitudes and longitudes of the arch being 
found out, your beſt way will be to prick them down upon 
your Sea-Chart, and ſo draw a bending line thereby from 
point to point, by which means you ſhall ſee all your voyage 
how to direR your Courſe ſometimes upon one point, and 
ſometimes upon another point of the Compaſs, that ſo you 


may always keep as near the arch of the great Circle as you 
C21 


be ' 
« 


-Pyopoſitions of Surveying: 


can, by which means'you will not only fail the neareſt way, 


but many times the moſt convenient way, eſpecially when 
you are to run your courſe in or near a parallel of Eaſt 2nd 
Weſt. As you may ſee this fully explained in the jatter :nd 
of the fifch Chapter of my Geometrical Seaman. 
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CHAP. IX. 


Shewing ſeveral Propoſitions very uſeful both in the Art of 
Navigation and Surveying, 


"HE Art of Navigation, and the Art of Surveying are 
more like one another than many think of, for that 
which the one doth upon the Land, the other doth upon the 
Water, which is to find the true diſtances. and angles from 
place to place, only the Surveyour worketh upon ſhorter 
diſtances, and which require ſometimes more exaCtneſs ; 
and the Seaman 1n larger, wherein he neither can nor need 


be fo exact. And aiſo he that will be a good Seaman, muſt. 


have ſome skill in this Art of Surveying, that ſo he may be 
able to deſcribe the Coaſt of any Countrey or Iſland, Pott 
or Harbour, which he ſhall happen to diſcover. . And there- 


fore as I ſhall not much wander from my intending purpoſe 


of Sailing, applying moſt of theſe Propoſitions that way 
ſo in ſome things I ſhall direc the Surveyour ſo to order his 
work according to theſe Rules and Tables ; that he ſhall 


perform his work hereby, better than by any other Inſtru- 


ment whatſoever, 

And my intent here is not to ſhew you the uſe of the ſe- 
veral Inſtruments whereby theſe things may be performed, 
but to help you in the calculation thereof by theſe Tables, 


having found the angles and ſome of the lines by any Inſtru-- 


ments fit for the purpoſe, 


Propoſition 
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Propoſition I, * 


Having the ſloaping ſide of a Hill, and the angle at the Foot 
thereof, to find the perpendicular height, and the length of the 
Horizontal line thereof. | 


| 
4 Let the ſloape ſide A C be 50 
Poles, and the angle at A-27 
degrees. 


5 


A.-37 ___40 B 


As the Radius or Sine of go degrees 
To theſloap fide AC 5o Poles ; 

£0 the ſine of the angles at Aor Cz 
To the ſide oppoſed thereto. 


7.09% in theſe tables for the angle at A, which is 37deg; 
and inc the length of the floap ſide, whichis 50 Poles in the 
Margen:, 4:4 in that line in the two Columns of Sines, you 
ſhall have 39 #012s 93 parts for the one fide, and 30 Poles 
9 parts for the other fide, which is 40 Poles fere, for the 
Horizontal Line, and 30 Poles or little more for the Perpen- 
dicular Line. 


Propoſition II. 


Fo find the height of an Houſe, Steeple, Tower, or Tree from 
the greund, and the length of the Ladder which will ſcale it, 


If you can approach the bottom or foot ofa thing whoſe 
tieight you deſire, the thing 1s eaſily performed by the Qua- 
Crats 
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drat,or Crofs-Stafte, going ſo far back till you make the top - 


of the thing to appear juſt at theangle of 45-deg. and then 
meaſure the diſtance from your ſtanding to the thing, and 


it is equal to the height thereof, or more exactly, to ſo much - 


thereof as is above the level of your eye. And then the 


floap fide is found by adding together the two ſquares of the. 


ſides, and ſubſtraCting the Square-Root thereof. Thns the 
Angle at D being 45, and the diſtance from-D to B being 


40 fects or yards, the height BC is alfo 40 feet or yards.. 


If you cannot come ſonear as to meaſure between your ſta- 
tion of 45 deg. and the baſe of the thing, by reaſon of ſome 
Moat og Wall, yet by the proportien of the line of Quadra- 


ture you may help yourſelf : 1n which caſe it is beſt to take 


ſuch a diſtance backward for your ſecond ſtation, as may be 
equal to the height deſired, wherein the Quadrant, or the 
degrees of the Quadrant will direct you. 

Thus 1f you could not meaſure the diſtance from D to B, 
then go backward from Dto E till you- ſee the height C to 
make an angle of 26 degrees and a half, and meaſure the di- 
ſtance between D and E, it will be likewiſe 40 feet or yards 
cqual to the height BC, the whole line E B being 80,which 
is double to the height, 

[f you cannot help your ſelf any. of theſe ways, tut are 


forced to a certain ſtation, then obſerve tiie 2ngie at 


your {aid ſtation, as at A, which is 53, degrees, and 
22s 
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meaſure from thence to the foot of the thing, according to 


the line AB. 30 feet. 


Then as the Radius or Tangent of 45 deg. 10000, 
Tothe ſide AB 30 feet; 


So the tangent of 53 deg. 13270, 
To the height BC 39 feet 81 parts 
And ſo 6 the Secaut of 53 degrees, -16616, 


To the ſloapline A C 49 feet, $5 parts. 


Look in the tables for the angle 53 deg. and againſt 30 in; 


the Margent, the tangent of 53 deg. is 59. $1, and the Se- 
cant is 49.85, which is very near 40 feet, and 5o feet. 

In like manner turn to the angle 45, and there againſt 40 
in the margent, you ſhall have the tangent, or the line BO 
40; and the Secant or line D C, 56.43 parts. So turn to 
the angle at E 26 deg. 2, find the diſtance E B, which is 80 
in the Margent, the tangent or line B C 4s 40, and the Se- 
cant, or line'E C is:89. 65 parts. | 


Propoſition TH. 


Ta find the ſame things another way. 


Thovgh the Quadrat is good to find the Perpendicular, as 
I ſhewed before,yet it doth not ſo readily ſhew the Hypothe- 
nufal or Scaling Ladder, which in many caſes is the chief 
thing looked after. This may be better tound by the angles 
of the Quadrant, if you take notice of this Obſervation, 
which I think few hitherto have thought of. | 

Let your firſt ſtation be any where at random, or as near 
as you can core to the foot of the Tower or Wall for the: 
Ditch or Mote, as ſuppoſeat A,.and obſerve there the au- 
gle of the height of the thing, which let be any degree what-: 
ſoever, as here it is 53 deg, I fay, if you go ſo far back- 
ward from this Station at A toward D till you make the 


© thing appear juſt at half-the foreſaid angle, which is here 


. '#) 26 deg. 


26 deg. +, that:being the half of 53-deg. that then this di+ 
ſtance from A to D is the true length of thelpap ſide A G 
without any farther trouble, . and a-Ladder of that length 
ſhall ſcale the ſaid Moat and Wall, allowing only for the 

30 beight of your eye aboye the Ground, : 
53 That this muſt needs be ſo, I proveic thus.” In the Fri- 
127 angleA BCthe angleat A is obſerved to be 53 deg.” therer 

127 fore the obtuſe angle at A, of the Triangle D A C being 
26+ 150 the complement thereof to 180 deg. muſt needs be 127 
1532 152z deg. And the angle obſerved at D being 26 deg, z, being 
2: added to 127 deg. theſe two angles make 153 deg, x, there- 
5% * fore the third angle at A muſt * needs be likewiſe 26 deg. 
are two 3» being likewiſe the complement of the ſaid two angles 

Funda- 153z deg. to 180, Now theſe two angles at D and C being 

mental both equal, viz. 26 deg.$, therefore the ſides A D and 

Axioms, A Cnult alſo be cqual. So that the fide AD being mea- 

DE ſured and found to be 5o Feet; the ſcaling Ladder A C 

ales oF mult likewiſe be 50 Feet. 


+. 


a Triangle are equal to 180 deg, and that the fides are always in proportion to the 
oppoſite Angles. upon which this Proportion is grounded and prove4: which 
though it hath not been vbſeryed, yet is very brief and uſefut both in this and ſume 
other following caſes. 


And now if by this line A C thus found ont to bes 5o Feet, 
you would alſo know the height of the Wall BC, and the 
breadth of the Ditch AB, turn to the angle obſerved at 
A which was 53 deg. and there againſt 5o 1n the Margent 
under the two Columns of Sines, you ſhall have 39 Feet 


"A 93 parts, 
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93 parts, for the height, and 30 Feet 9 parts for the wide- 
neſs of the Ditch. 


Propoſition 4. 


Being upon the top of a Tower, Steeple, or Maſt of a Ship, and 
froing the angle of the ai ſtance of any thing from o_ ro 
find the true diſtance thereof. | 


Theſe things may be found out by the Quadrat or Qua- 
drant, for obſerving the proportional part of the Quadrat, 
you ſhall find the things to be 1, 2, 3,5, or more times di- 
{tant then the height of the Tower or Maſt. So that if 
you know the height of them, you may ſoon find the di- 
ſtance. 

Bur this may ſomewhat more eaſily be found by the an- 
gles of the Quadrant, eſpecially if the numbers obſerved do 
not fall in equal parts, but that yuu muſt uſe proportion. 

For in this caſe here is nothing to do in the uſing of theſe 
Tables, but turn to the angle of the diſtance, or the com- 
plement of the angle of depreſſion, and find the hejght of 
the Tower or Maſt in the Margent, and that line, the Tan- 
gent of diſtance, or Cotangent of depreſſion, ſhews you 
the diſtance without any more trouble moſt exactly. 

Thus let the height of the Tower or Maſt be 40 Feet, and 
{ct the angle of Diltance be 89 degrees, . or one degree un- 
der the line of level : the Tangent belonging hereto a- 
eainlt 40 in the Margent, is 2292.00, which ſhews the di- 
itance of the thing ts juſt 2292 Feet. And ſo you may do 
for any other angle of diſtance as in this little Table. 


The angle | The trve |The angle | The true 
of diſtance. | diltance {of diſtance ' diftance. 
Deg. | feet pts. Deg. |. feet pts, 
8&9 | 2292.09 75 | 149.28 

88 | I1;£.00 70 109.96 

86 | 0754,00 | & 085.78 

87 | 0573-00 60 069.28 

85 | O04: 7.20 55 O05 «13 

8% | 0380.60 50 047.67 

$5 - | 0226.55 | 45 040,00 
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©" Thelike Tables will ſhew you for any other height of the 


Tower or Maſt in Feet or Yards, in any other meaſure, or 
for any other angle of diſtance whatſoever. 


Propoſition 5. 


By the height of the Sun, and the length of the Shadow, to 
find the height of any Tree, Houſe, Tower, or Steeple. 


This is ſomewhat like to ſome of the former Propoſitions, 
only this way it may be more praQtical, for it is an hard 
"Y task to find the angle of the 
=D ef height ofany Houſe, Tree,&c. 
| unleſs you have an Inſtrument 
> ht | fitted on purpoſe to a Stand- 

\. ard,which may keep it at what 
% of angle you pleaſe - But this con- 
*, V| clufion you may try (almoſt as 
well)by any little Quadrant or 
. N pocket Inſtrument. For by 


any of theſe you may obſerve 
the height of the Sun to a de- 
gree, and its half or quarters, which will be ſufficient for 
theſe concluſions, 

Andthus or any other way knowing the Sun's height, and 
meaſuring the length of the Shadow, the Rule is thus ; 


As the Radius 10000 
To the length of the Shadow, 
- So the tangent of the Sun's height, 
To the height of the thing deſired ; 


Thus let the height of the Sun be 37 deg. and the length 
of the Shadow be 40 Feet. 

Turn to the angle of 37 degrees, and againſt 40 in the 
Margent, you ſhall have for the Tangent 30.14, which 
ſhews the height to be alittle above 30 Feet. 


Propofition 6s 
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Propoſition 6. 


Knowing the height of a Tower, Houſe, or T, Yee, on al per= 
penaicular Stile or Gnomon, to find the length of the Shadow 
thereof upon the Ground to any angle of the Sun's height de- 
fired. 


Let the Perpendicular B C be 30 Feet, and the angle of 
the Sun's height 37 degrees. 


As the Radius 10000 

To the height of the perpendicular C B 3o Feet ; 
So the .cotangent of the- Sun's height, | 

To the length of the Shadow. 


| Tura to the angle of the Sun's height in the Tables,which 
15 37 degrees, and there againſt 30 in the Margent, the co- 
tangent of 37 degrees, (which is the tangent in the other 
Column) ſhews the length of the Shadow is 39 Feet 81 
parts, or 40 Feet fere, 


Propoſition 7. 


Rnowing the height of the Perpendicular, and length of the 
Shadow, to know the angle of the Surs height. 


As the height of the perpendicular. 
To the length of the ſhadow ; 

So is the Radius 10000 
To the Cotangent of the height, 


Let the perpendicular be = © of @< 
30 Feet high, and the ſha-  ©<JEIEEZ 
dow 40 Feet long, the Co- * 
tangent of the height is -37 S 
degrees. %; ol 

For turn over the Tables %2": 
till you find ſome tangent or | * 
other, that ſhall be near "NR 
40.00 parts 2gainſt 3o in &| 
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the Margent, this you ſhall find atthe angle of 53, where 
againſt 3o in the Margent, the tangent is 39.81. 'So that 
you may judge the Sun's height to be according to the Co- 
Tangent thereof 37 degrees. 


Propoſition 8. 


Toknow when the Shadow of any perpendicular Stile or Gnomon 
5s 1, 2, 3, 4, 5, 0r 10 times the length thereof. 4 


Look over the Table of Tangents, and fee at what de- 
grees the Radius which is 10000 doth encreaſe to ſuch a 
proportion as to make 20000, 30000, &c. which is twice, 
three times, &c. the Radius, and the Cotangents of thoſe 
numbers ſhew the height of the Sun, when the ſhadow will 
be ſo many times longer than the ſatd perpendicular, whe- 
ther it be Tree, Houſe, Steeple, or any ſuch like. 


Thus at 45 deg» the ſhadow is equal to the height. 

At 26 deg. 56 parts, the ſhadow is double to the height. 
At 18 deg. 43 parts, the ſhadow is three times the height. 
At 1.4 deg. 04 parts, the ſhadow js four times the height, 
At 11 deg. 31 parcs, the ſhadow 1 hve times the height. 


At any of theſe times you may eaſily find the height of 
any thing by the ſhadow thereof. 

Or you may perform this by any walking Staff, or ſuch 
ike , for if you find the ſhadow thereof, (being held up- 
right) to be 1, 2, 3,4, 5, times the length thereof, you 
may judge the like by the ſhadow of any Tree, Houſe, or 
Steeple, and ſo by meaſuring the ſhadow thercof, at that 
inſtant find the true hejght thereof. 


Propoſition 9. 


Hawvmy the length of any Stile or Gnomnn, ſanding ont &t right 
Angles with any Perpendicular, to find the lenzth of the can- 
trary ſhadow, or the ſhadow upon the ſaid Perpendicular, at 
any aegree of the Sus height. 


I: you divide your Stile or Gnomon into 10 or 100 parts, 
, {0 
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OY 


ſo that it may have a viſible proportion to the Radius of 


- Cobh SES HI ny - > 
COSI RI TT 0, rn IWDITo 2G 3 


a Tangents, which is 100, in the firſt part of the Co 
. of the Tables, or 10000 If you take inal the TE roerzogg was 
4 the Tangents of the degrees in the Tabte, either in the 
tenth or laſt line thereof, will ſhew you the true length of 
! the Shadow, according to the proportion of the Radius of ; 
* your Gnomon, to the Radius of the Table. | Ms 
" B But if your Gnomon be divided into any other number of (4 16 
parts, theruleis this, | 14 2918 
- = As the Radius or Tangent of 45 | MY 48} 
a © To thelength or parts of the Gnomon PN. 
. = So 1s the Tangent of the angle of the Sun's height 
© | Tothe length of the parts of the ſhadow. 
ll b , | 
- ; Thus if you take a Carpenters 
* Ffquare, whoſe ſhorter ſide is 12 
Inches, and would know the 
length of the Shadow thereof, 
b upon the longer ſide, being held 
. up ay mens the Sun's 
s height being 37 degrees. 
Turn to the angle of 37. deg. 
and againſt 12 in the Margent, 
f you ſhall find theTangent there- 
of is 09.04, that is 9 Inches 4 
1 | hundred parts: And here likewiſe you may ſec that ſhadow 
- * at53 deg. which is the Cotangent will be 15.92, that is 16 
u 4 Inches fere. 
r = Propoſition 10 
| Obſerving how many Inches the Shadow of the ſhort ſide of ſuch 
2 a Square doth reach upon the longer, to find the height of the 
F Sun theriby. 
p 7 The Radins here being the ſhorter ſide of the Square, 
| whichis 12 Inches, and the length of the ſhadow being Wh! 
" Þ 9g lnches, or 46 Inches. And the Sun's height is deſired ar # 1/03 
 theſetimes. > A PEN 
4 Turn over the Tables, {till having an eye to the —— | $60 
0 * 
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of your Radius (which is 12 Inches) in the Margent, un- 
till you come to. have a tangent number againſt it, which 
ſhall be the very ſame, or the neareſt you cail find to your 
number deſired, and that is the angle of the Sun's height, 
which in this Example falls out to be much about 37 de- 
gres, and 53 degrees. 

By theſe two Conclufions, you may make the hook of 
any walking Staff to ſhew you the height of the Sun, ma- 
king a Tangent line upon your ſtaff, And hereby after the 
manner of a Cylinder, you may draw a Dyal upon your 
Staff, to ſhew you the hour of the day by the height of the 
Sun at any time of the year. And thovgh this will not be 


. fo uſeful for Sea-men, who ſail into divers Countries, and 


continually are altering their Latitude ; yet it is very ready 
for Land-men, to know the time of the day as they walk 
abroad. Sts 

But yet if the croſs Staff, or an Inſtrument ſomewhat like 
it were ſo fitied, that it might have a good heavy perpen- 
dicular Staff of abou- a Yard long, or a good weight at. the 
end, to keep it ſteady ; and a itght tranſom ar the top for 
a Gnomon, about 10 Inches or a Foot long, divides into 
Loo parts; you may by the Table of Tangents divide the 
Perpendicular exactly into degrees, which ſhall ſhew you 
the height of the Sun as exactly and conveniently as any 
other Inſtrument uſed for that purpoſe, if not better then 
moſt of them. 


Propoſition 11. 
To find the dijtance of a Fort or Caſtle, that you dare not goto 
C, or the breadth of a River or Water ;.that you cannot paſs 


or mea ſure oVer it, Re 


Standing upon the Bank of the River at B, obſerve ſome 
mark againſt you on the further fide thereof, as-C, and ſo 


ſeiting upa Mark in the place where you ſtand at B, goci- 


ther to the Right hand,or Left direfly ſquare-wiſe to theſe 
vo marks, ſo'far until you cſpie the mark C on the fur- 
. ther 
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ther ſide doth juſtly make an angle of 45 des 
mark B where you ſtood laſt, 5 45 degrees, with the 


and this will be when you Re” 
cometoA. Ant now in this Am : 
caſe having been careful to -->E-I>tit ni 
do this exactly, you need do EEEIIEREEE 75 
nothing but meaſure the di- TELE EEE 
ſtance between your two ſta- TEEEESVE PEA 
tions B& A, and that ſhall TDIEEESEEEESSSS 
be equal to the breadth ofthe {Loren > 
River - Sothatif the onehe FF A D B 


10, 2C, 30,40, Or 100 P?1les, | 
the other is alſo juſtas much, The like you may do though 
the angle be any other degree, either more or ſeſs than 45 
but this is the beſt and readieſt angle to find out ſuch a di- 
ſtance : and therefore when you can uſe this, I would wiſh 
you to uſe no other. | 

The like alſo you may do at Sea, and thereby pain the di- 
ſtance of any Iſland, Cape, or Head-land from you, which 
you eſpie by chance, as you are failing npon your Courſ?, 
without any altering of your Courſe art all. 

As if your courſe were Eaſt & Weſt betwcen A & B, & 
being at B,you ſpie Land atC, ; 
lying juſt at right angles with 


your courſe, keep a good ac- ve 1701s 
CS —C_—— = wer wwe wa, 


count of your way till you ERIE 
come to A, where you ob- 
ſerve the ſaid Place C to 
mai:e juſt an angle of 45 with 
your paſſed courſe BA, and 
io the diſtance of your way FA 
ſailed between theſe two E A D B 
places, ſhall be the true d1. ; 
ſtance of the place C from the firſt place of obſervation B, 
The -work is all one, though in ſayling it 1s molt likely 
that the firſt place of your Obſervation will be at A, where 
you obſerve the place C to lye 45 degrees from your courſe 
A B, and afterward coming to B, you fin{! there 1t lies juſt 
at Right angles from you, for ſo your diſtance failed fiom 


A to B, is equal to the diſtance from B to C. 
P And. 
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And if you would have the floaping diſtance A C, turn 
to the angle of 45 deg. and there finding your diſtance ſailed 
in the Margent, the Secant thereof will ſhew you the faid 
floap line. Thus if the diſtance failed A B be 10 Centeſmes 
or Miles, the diſtance from A to C is 14.144that is 14 Cen- 
teſimes or Miles, and 14 hundred parts more. ; 


Propoſition 12. 


To find a diſtance by obſerving the angles upon which the thing 
lyes from you at any two places, one whereof ſhall be a right 
angle, 


It may ſometimes ſo fall out, that either for want of room 
upon the Land, or wait of Day-light upon the water, you 
cannot obſerve the plzce at the righc angle, aid ih. argle 
of 45 degrees, as afor:f:1d. In this it will be yuu: beſt way 
to let the one of your Obſervations be at the 1igiic angle, 
and the other as your convemency w!1tl ſerve either above 
or under 45 degrees, only it is good to !et tne Giſtance you. 
take be as much as you can, ( I mean {© ) that The angle 
Rced not fall too much nearer than 45 vegrees, the which 
1 this caſe you need not exceed, u:1lefs ſom<ctimes you have 
ler flip-the time of your obfervation at 45 degrees before 
you arc aware, and ſo you may make uſe of any angle ra- 
ther than loofe your pains in the former Obſe: vation. 

In this caſe the work will not be much more than the for- 
mer is, being only the R<folution of a right angled triangle, 
which you ſhall perform by this Rule. 


As the Radius or Tangent of 4.5 degrees, 

To the diſtance failed ; | | 
So1s the Tangent of the acute angle obſerved, 

To the diſtance from the right angle obſerved. 
Ando is the Secant of the acute angle, 

To the diſtance from the acute angle. 


Thus the angle at D being 56 deg. or five Rhumbs from 
the Courſe, and the diſtance failed from B to D, being 10 
Mules, or 10 Centeſmes, which 1s two Leagues, and the. di- 
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ſtance CB and CD is required. Look in the Tables for 
the angle of 56 deg. and againſt 10 in the Margent you 
ſhall find the Tangent thereof is 14.83, that is almoſt 15 
Miles, or 15 Centeſms, which is 3 Leagues, and this is the 
diſtance BC; And the Secant of this angle is 17.88, that 
i5 almoſt 18 Miles or Centeſms ; which is the diſtance D C. 

The like manner of work it will be, if the place of the 
acute angle were beyond the angle of 45 degrees as at E, 
or at what angle ſoever it happens - but as I ſaid, youneed 
not go beyond the place of the angle of 45, for thereabouts 
is as good a diſtance as you can chooſe. 


And either of theſe two ways = may obſerve likewiſe A 800d 


an Alticude which you cannot or Gare not come near ; for if 
you obſerve a time when the ſhadow is 2, 3, or 4 times the 


way to 
meaſure 


inacceſ- 


height ofa thing, and obſerve atfthat inſtant where extre- ſible 
mity of the ſhadow doth lie, make that place-the Station heights, 


of your right angle, and go from phat place ſquare-wiſe ei- 
ther to the right hand or left, tif} you come to an angle of 
45 deg. or any other angle thereabouts, ſo you ſhall find as 
before the true length of the ſhadow, and by that the true 
height, better then by going backward from the place ac- 
cording to the ordinary way, as was ſhewed before in the 
2 Propoſition, 


Propoſition 1 2. 


By the way of your Ship, and any two angles of Poſition to fund 
the diſtance of any Iſland, Cape, or Head-land from you. 


If you cannot with any conveniency bring the place e- 
ſpied by you to a right angle, yet you may do the buſineſs 
with a little more rrouble by any two angles whatſoever, 
wherein firſt I ſhall ſkew you the ordinary way and how 
you may help your ſelf.herein. | 

The ordinary way is to take any two angles at random, 
provided the diſtance failed between the two obſ:rvations 
be any thing conſiderable to the diſtanceof the place deſired. 
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Pyopolitions of Surveying. 


As thus, ſuppoſe you were 
ſailing from A toward B full 
North, and being at A ſhould 
eſpy a Land-mark C, bearing 
from you WNE, or NE 22 ©» 
deg.z. And failing ſtill on your 
courſe to B about 10o Miles, 
ſhould obſerve the ſaid place 
C to bear full VE or 45 deg. 
and by theſe two obſervations, 
you would know the diſtance of 
the place C, from B, or A, 
or both, and alfo from the 
place at the right angle at D. 

Here you have the oblique 
Triangle A BC to reſolve in 
which you have the angle at A 
22 dep.z. Then the Obtuſe 
avgle-at B- 135, being the com- AY 
plement of the acute at B, which was 45 to 180. And 
thirdly, you have the angle at C, which is the complement 
of both the aforeſaid angles at A and B to 180, heirg 22 
dez. 4. And laftly you have the ſide of diſtance {ailed 
AB, which 1s 10 Miles. 

Therefore as the Sine of the angle at C 22 deg. 3, 

To the fide oppoſed thereto, AB 10 Miles, 

So is the Sine of either of the 0: her angics, 
To their oppoſite ſides. 

To perfurm this by theſe Tables, turn to the Sine of 22 
deg. + and look down the Column of the Culine 67 e- 
grees 5, (becauſe theſe Columns are tranſpoſed) until you 
h:1d your number of Miles, wiich is 109, which will be 
againſt 26 in the Margent (if you allow the proportional 
part) mark this Line in which you find it : Now turn to the 
ether angle at B, which is 135 degrees, whofe complement 
is 45 degrees, and there in-rhe 26 Line of that Leef, yuu 
ſhall find 18.38, which ſhews you the length of the line 
A C being 18 Miles 22, parts. 

The like you mighc do for the other ſide B C, which here 
will fall out to be the ſame with AB; And having either of 
theſe ſloap ſides, AC, or BC, you may elcher by the = 

caſe 


OT 


Puopoſitions of Surveying. 


caſe of Triangles, or the firſt Propoſition of this Chapter 
find the ſides of the right angle CD and DB or DA. 


Propoſition 14. 


To perform the ſame thing by two like angles of Poſition more 
 fitly choſen for the —_ : 4 


In the eighth Propoſition, I ſhewed you how to find out 
ſuch an angle as would make the ſhadow of any Perpendi- 
cular to be 1,2, 3, 4,5, or more times the length thereof. 
And the like you may do by the Quadrat. Now if you 
make your obſervation of the poſition of ſuch a place as this, 
at two ſuch angles as ſhall agree to this Quadratical or right 
angle diſtance, you may then reſolve your Triangle by the 
rules of a right angled Triangle. 

Thus, if you firſt obſerve at E, when the place C doth 
bear from the line of the courſe BE 25 degrees £, (ar 
which-angle the Tangent is twice the length of the Radius, 
and then again watch the time when the place C makes an 
angle of 45 degrees from the courſe as at D, (at which angle. 
the Tangent 1s once the length of the Radius) it muſt needs 
then follow, that the diſtance ſailed between E and D, is 
cqual to the diſtance at the right CB, which if you make 
the Radius, the lines CD and CE will be the Secants of 
the complements of the angles obſerved at D and E. 


Inus the diſtance failed between E and D heing 4+ 


Leagues or Miles, and this being equal to the Radius C B, 
Lurn to the angle obſerved at D 45 deg. and againſt 4 in the 
Margent the Secant is 5.65, likewtle tuen to the angle ab- 
ſerved at E being 26 deg. 3, and again{t 4 in the Margent, 


the Secant of the complement is 8.98 parts. And —_— 
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Pyopoſitions of Surveying. 


have the. diſtance of the place Cc, from all theſe three 


places ED and B, and thus knowing the Radius CB, you- 


may know the diſtance from it at any other angle. 


Propoſition 15. 


Toperform the ſame thing by two Angles choſen ſomewhat more 


readily. 


This Pro- The beſt and moſt ready way to perform this, is by ta- 
poſition is king two ſuch angles, that the angle at the ſecond Station 
of excel- ſhall be either juſt the double, if you go nearer, or elſe juſt 
we m_— the half, if you go farther off then the angle at the firſt 
4; Ah place. By this means the Calculation will -be moſt eaſily 
occaſions, performed, and there will be little trouble in the obſerva- 
though it tion, for the one of the angles you may take at random, 
hath not 1G matter what itis, only you muſt have accare to obſerve 
oP = when you are juſt upon the half or double of the firſt angle ; 
any, Su 4 which you mult alſo do if you were to work by a right 
only to angle: ſo that the trouble will be little more in this then 


work it in that. 
by Calcu- " 
tation. 


For Example, ſuppoſe you 
were ſailing full North from A 
toward B, and being at A 
ſhould eſpy Land at C, bearing 
from you two Points tothe Eaſt: 
ward viz. N NE, or NE 22 
deg. +, and failing ſtill upon 
your courſe till you come to B, 
you there obſerve that the ſame 
Place bears from you juſt 4 
Points, or full NE 45 deg. 
which is juſt double to the angle 
you obſerved at A. If you 
ſhould do no more then thus, 
Th yet by this you may afiure your 
Y ſelf that the diſtance you have 

ſailed between A and B is juſt- 
A ly equal to the diſtance between 
the ſecond place B, and C the place obſerved: So thatif 
A Bbe 10 Miles. or Centeſms, B C is likewi:e 10 Miles Or 
Centeſms. Ss That 
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Thar this mult needs be thns is plain; for in the Tri- 
angle ABC rtheacuteangle or outward angle at B being 45 
deg. the obtuſe and inward angle being the complement 
thereof to 180, muſt be 135 deg. and the angle at A 
22 deg. 3; being added to this, makes 157 deg. 5, which 
ſubſtracted from 180, there muſt needs reſt for the angle 
at C 22 deg. #. Now this angle at C, being equal to the 
angle at A, which was 22 deg. 3 alſo, therefore the ſide 
A B oppoſed to the one, muſt needs be equal to the ſide BC, 
oppoled to the other. So that the diſtance ſailed from A 
to B, is equal tothe diſtance from B to C, and upon this ac- 


* count may be known without any farther trouble or Cal- 


culation, 

And this falls ont not only thus in this angle, but in any 
other, as you may ſee in the 3 Propoſition ; and you may: 
eaſily try It 1n any other angle. - So that let your firſt angle 
be what it will, you need not much care, only watch when. 
yon bring the place to the double, or halfat the ſecond 
place of obſervation, as you go nearer, or farther from the 
place. 


Thus in approaching to | | Or in going from a place 
a place. 

The firſt The 4e- The firſt The ſe- 
angle ob- cond ob: angle ob- cond an-- 
ſerved ſervation ſerved gle muſt 
being mult be being be 
»a point. 1 point, 8 points, 4 points, 
1 point, 2 points. 4 points. 2 points, 
2, points. 4 points, 2 points. 7. Point. 
4 points.. 8 points. 1- point: z Point. 


The ſame is true alſo in the degrees of the Quadrant. 


and holds good though you paſs the right angle. 


Pyopolitions of Surveying. 


The firſt. Theſecond. | The firſt, The ſecond. 
1 degree. 2 degrees. | 160 degrees. 80 degrecs. 
2 degrees. +4 degrecs. 80 degrees. 40 degrees. 
4 degrees. 35 degrees. | 4odegrees, 20 degrees. 
8 degrees. 16 degrees. ; 20 degrees. 10 degrees. 


15 degrees. 32 degrees. | 1o degrees. 5 degrees. 
32 degrees. 64 degrees. | 5 degrees. 2deg. 5 
64 degrees. 123 degrees, 2 deg. } 1 deg. 2 


And now if you wou'd know how far A the other place 
of your obſervation, is diltant from C, you may do it ſeve- 
ral wayes. | 

As firſt in the Triangle ABC: you have the ſide AB 
which 1s the diſtance you have ſailed, which ſuppoſe to be 
10 Miles or Centeſins, andthe fide B C which is equal there- 
to, andall the three angles ; therefore by the oppoſition of 
ſides and angles you may find the fide A C to be 18 Miles or 
Centeſms, and 38 parts, as I'ſhewed before in the 13 Pro- 
poſition of this Chapter. 

But it will be the better way if you find the Radical di- 
ſtance, or diſtance DC, at the right angle, ſo you ſhall af- 
terward readily find the diſtance of the place ai any other 
angle. | 

And this Radical diſtance is thus feund out, for here you 
have ſlope Line or Hypothenuſal BC, and the angle a. B 45, 
anc: therefore according to the firſt caſe of Triangles, turn 
to the angle 45, and there againſt the length of your ſlope 
fide 10 Miles or Centeſms, you ſhall find the 2 Columns of 
Sines ptving you for the 2 ſides 07.07 (which h-re fall on: 
to be both equal) this 07.07 parts is your Radins C D, and 
now the Secant of the complement of any angle obſerved, 
will give the diſtance thereof. 

Thus the angle at A being 22 deg. 2, turn to this angle, 
and if you uſe the proportional part, for the parts of the 
degree, and the parts of the number, you ſhall ind the Co- 
_ for this diſlance and angle to he 18,38 parts, as be- 
Ore. * | 

And thus you may find the true diſtance of any other 
place, 


ec 


or ſide D Ais 17.07 parts; and 


—_———_— 
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place, from this place C, by the angle obſerved at the ſaid 
place, as long as you are in ſight thereof, keeping your 
way {ſtill upon the ſame courſe. 


Propoſition 16, 


Knowing the diſtance between two places on the Land, and how 
they bear one from the other, and having their angles of Po- 
ſition at the Ship, to find the diſtance of your Ship from either 
of them. 


- This Propoſition is laid down, and thus reſolved by Mr. 
Gunter, in the end of his croſs Staff. 

But the beſt way to obſerve, is to bring one of the places 
toa right angle, as if the place lie Eaſt and Weſt, to bring 
one of them North or South of your Ship : ſo you ſhall have 
a right angled Triangle, whoſe three angles and one of the 
ſides are known, which he ſhews how to reſolve by Sines ; 
but it 1s better to do it by the Tangents and Secants, ma- 
king the diſtance between the two places your Radius, 

Let the-two places be D and 
C,which lie Eaſt and Weſt,and 
the diſtance between them 77 
Miles 7 parts, and let the Ship 
be at A,and the angle obſerved 
between D and © 22 deg. 2. 

Turn to this angle of 22deg. 
or 23 deg. and againſt 7.07 in 
the Margent, the Co-tangent 


the Co-ſecant or fide A C is 
18.38 parts. | 

In this caſe you: may 'mych 
help your ſelf with the two 
formerPropoſitions,for thought 
it be hard to meet with two _ 
Land-marks in ſuch a fit Poſi- 
tion, yet by any ſingle Land- 
mark you may find the Radical 
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diſtance, between any place upon the Land, and your Ship's 
way, Which being known, the Work is all one with this, 
and by the angle of Poſition at any time, you may know 
the diſtance of your Ship, and ſo what ſpeed you make 
either to or from your part or Port eſpied. 


Propoſition 17. 
To take the Plat of a Port, City, Coaſt, or Country, 


All that I have ſaid befc-re, hath been chiefly to-prepare 
and fit you for theſe followi:g Pro poſitions, wherein yot 
may have occaſion to uſe many or the moſt of them, and 
therefore have bcen ſo plain and large before, I ſhall be 
ſomewhat the brizfer now, only mentioning them, or re- 
ferring to them: 

It may be ſufficient for the Sea-man?s uſe in taking the 
plat of a Port, City, Coaſt, or Country, only to obſerve the 
angles which the chief Buil' ings, Capes, Points or Rivers 
make from his Sþip at two ſeveral places ; and fo by the di- 
ſtance of thoſe two places of his obſervation, he may draw 
them out with his Ruler and Compaſſes upcn a Sheet of Pa- 
pcr, or if he ſee fit may help himſelf : ſometimes with the 
tormer rules. | 


Let the two places 
of obſeryation be A 
and B, being juſt 
North and South, 
being diſtant -5 Miles 
or Leagues,, or 50 
Poles and the angles 
from the ſaid two 
places, according to 
obſervation as fol- 
loweth. 
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The angles taken at A, The angles obſerved at B. 
AB MNorth 00,00 BC N, Eaſt 60 deg, 
ACN. Eaſt 30 deg, BD Eaſt 00.00 
AD MX. Eaft 60 deg. BE S. Eaſt 60 deg. 
AE Eaft 00.0. BF S. Eaſt 30 deg. 
AF S. Eaft. 60 deg. | | BA South 00.00 


IT hope I need not tell you the manner how to obſerve 
theſe angles, you may do it either by a Theodolite, or a 
Circumferentor, or Peractor, or by your Compaſs, or by 
the Croſs-ſtaff obſerving every angle or eminent mark, as 
Houſe, Church, Tree, &c. from the place next unto it, and 
by theſe angles thus obſeryed, you may ſet down the Plot 
thereof in Paper to any largeneſs you pleaſe. 

But the beſt and readieſt way todo it, is by a Plain Table 
fitted for the purpoſe, or you may make ſhift with a Sheet 
of Paper, after the manner of the Plain Table. Wherein 
firſt taking a Center point at A, and laying a Ruler with 
ſights thereto, turn it about to the ſeveral places BCEDEF, 
and draw lines from A to either of thoſe marks. Then be- 
ing come to your ſecond Station B, lay down your Paper 
again, and take a convenient Scale for your diſtance, ſet 
it off in the line A B, accordiug to the diſtance of your two 
Stations, make Byour Center point ; and laying your Ru- 
ler thereto, turn it ſo that ic may lie juſt upon the line B A, 
and keeping your Ruler there: turn it, and the Table or 
Paper alcogether, till you ſee the place of your firſt Stati- 
on A, by the fights upon your Ruler ; and having ſo done, 
keep your Table fixed tizere, but turn your Ruler back- 
ward again to the ſeveral places FED C, and draw the 
Lines thereby, Now the chief thing is to mark where 
theſe Lines laſt drawn from the Station at B, croſs the Lines 
which were drawn before from the Station at A, which 1s 
in the ſaid points CDEF, and theſe croflings will ſhew 
the Model or the Poſition, and diſtance of all thefe places 
each from other, ſo that you may meaſure the diſtance of 
any of them, if you divide the line A B between the two 
Q 2 Center 
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center points, according to the Scale of diſtance, by which 
you ſer off your two Stations c2ch from other: And this 
will be exa&t enough for the Sea-man's purpoſe. 

And thus if you will not be too curious, if your Inſtru: 
ents are any thing large, and fo well ficted for the pur- 
poſe, ſo that you may be well aſſured of the exaCtnelſs of the 
angles; then by the ſide known AB, and the angles obſer- 
ved at thoſe two Stations, you may find our the length of 
any of the Lines, and ſocither with your Compaſſes, or by 
tlieſe Tables bring it into a leſler or a greater compaſs : or 
if it be a piece of Land to be meaſured, you may bring it 
into Triangles or Trapeziums, and find the length of the 
Lines, and fo caſt up the Contents thereof, 


Propolition 18, 


A more exalh method for the true Surveying of any parcel of 
Land whether great or ſmall. 


Hitherto I have taught the Sea-man ſome things of the 
Art of Surveying; now I ſhall teach the Surveyor ſome- 
what of the Sea-man's-practice, and that-is-how he ſhall or- 
der h1s accounts by theſe Traverſe. Tables, reckoning by 
Latitude and Longitude as-the Sea-men doth,' whereby he 
ihall perform his work more readily and exactly then by any 
other Inſtrument: ebſerving theſe following direCtions. 


1. For the ordering of your work inthe Ficld. 


When you have any parcel of Land to meaſure, you muſt 
mea{ure the.bounds thereof round about fide by fide, from 
angle to angie, obſerving. exactly cither by your Needle, 
Compais, or other Inſtrnament fit for the purpoſe how the 
{aid fides lie at-eacn angle: and this you muſt ſet down 
11 ſome Book or Table fitted for the purpoſe, being divi- 
dd into ſeveral Columns as you fee this following. And 
nerein1t will be beſt to begin at ſome anpie which lies moſt 
North-Weiterly, er South: Weſterly, that ſo the Laci- 

tude 
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tude and Longitude may fall in the better order in your 
Table, without too: often altering your work from Addi- 
tion to: Subſtraction, And this is all you need do in the 
Field, only for your better direction and memory, you 
may with your Pen at random draw any little Plot thereof, 
asnear- the truth as you can, to which you may add ſuch 
obſervations concerning the bounds thereof, as are ne 

cellary to be obſerved, This way of meaſuring the fide: 
and angles, is the beſt for all manner of Grounds ©: 
parcels of Land, great or ſmall, whether they be litt!.: 
and plain Fields, ſo that you may meaſure them on the in- 
ſide, and fee over them from fide toſide - or whether they 
be large and covered Forreſts, Parks, or Woods, which 
you cannot ſee over or through, | 


2. How to makg a Table which ſhall ſhew you the difference of 
Latitude and Longuude, of all the angles from your firſt 
Station, and alſo from any of the other Stations, 


Having done your work in the Field, and being .come. 


into the houſe or place convenient, look over your notes 
and according to the angles of Poſition and lengths of the 
ſcvcral ſides, find out by theſe Tables the difference of their 
Northing and Southing, Eaſting and Weſting of the ſeve- 
ral angular points one from: the other. And this you mult 
{et down in your Book or Table provided for that purpoſe 


inthis form following. And in the two laſt Columns you . 


may ſo add or ſubſtre& the other four Columns together, 


([til reckoning the line following to the former ſums) that, 


they may ſhew the true-diffcrence of Longi.ude and Latt- 
tade of any of te ſaid Points, from your firſt choſen point. 


A, as if that were the fiſt Meridien, under the EquinoQial : : 


and this alfo with T little more trouble, will give you the 
diflerence cf Longitude and La-itude, from any of the 
other Points alſo, 3s by the Tables, of the Longitude and 
Latitude of places, you {ind their difference cf Longicydc 
and Latitude :; by the which alſo according to the rules of 


* Plain Sailing aforefaid, you may come to fid the trae gf Plain: 
Poſicion and diſtance of any of the {aid angular Points Or Sailing. 


Stations cach from other. 
And 


* See the 
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And though few parcels of Land thus to be meafured ex- 
tend fo far as to be accounted in degrees of Longitude and 
Latitude, in reſpect of the Globe of the Earth, (as the 
Sea-man many times hath occaſion to reckon) one degree 
thereon containing above 36000 Poles, yet this is alſo true 
Longitude and Latitnde, and may fitly be ſo called, though 
in never ſo ſmall quantity, and meaſured by any meaſures, 
as Chains, Poles, Yards, Feet or Inches. 


Thestations.| Poſition | Diſta, [North | South | Eaſt [Weſt | Latit. | Longit. 
| Deg. | pol. pts. [po» pts. [Po.pts, |po.pts. Þ9. pts|pol. ptr.Spol, pts, 
The firſt A | O O 
A toBIN E 20] 80 oJſr5 18 2736 75N18|1253 E 36 
BtoC|NE 80|8 oſl3 69 78 78 169 07! 1596 14 
E CtoDjSE 40|8o © 6128 5142 27 79|157 56 
& DtoElW 20|80 o 75 18 27 36147S 39| 130 20 
E to F]S// 80| 8& o 12 89 78 78161 28|51 42 
F to GIN 45|85 of6t 28 | 5142 © o| 


[150 351150 351157 561157 56 


3 How toprove your work, whether you have taken the true 
meaſure of all the ſides and angles of the Plat, or not. 


This is a thing very neceſlary to be known, before you 
proceed any farther, and this will readily be found out by 
the foreſaid Table theſe two wayes. 

Firſt, if you caſt up the four midlle Columns of the 
Table, intitled North, South, Eaſt, Weſt, and find thar 


| the ſum of the North column, is equal to the ſum of the 


South ; and that the ſum of the Eaſt, is equal to the ſum of 
the Weſt; as it 1s here ; the Nor.h and South being either 
of them 159 Poles, 35 parts; and the Eaſt and Weſt being 
157 56, then you may be ſure that all your work hitherto 
is right, and ſo you may procced. But if you find any, or 
at leaſt any great difference, you muſt go over your work 
again : wherein you may firſt ſee, whether you are not mi- 


. ſtakenin ſerting down the Northing, Southing, Eaſting or 


Weſting, out of the Tables, and if you find not the fault 
there 


ORINT, + ay 


rue 
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there, you muſt meaſure over the Field, and obſerve the 
angles again more carefully, comparing them with your 
former obſervations, ſo you ſhall find your error and amend 
it, | 

Orelfſe the two laſt Colrmns will alſo ſhew this, for if 
your Lovgitude and Latitude return to the firſt Points or 
(o) as here it doth, all your work hitherto is right : other- 
wiſe there is ſome miſtake, But this is rather a proof of 
the right ſumming of theſe two Columns then of the former 
work, and ſo you may uſe either, but it is beſt to take both. 


4. How to draw the true model or plat of the Land in any 
quantity you pleaſes | 


Take a ſheet of Paper or Parchment of what largeneſs 
yon pleaſe, according as the plot of Ground ſhall require, 
and draw a ſquare about it, which you may divide by any 
Scale of equal parts, but the quantity of one Inch will ſerve 


yery well tor ten Poles or Chains in a large Map, and for 


100 in a leſſer, for though ſometimes it be defired by the 
Lords or Owners to haye an handfom plot of their Grounds 
in theſe larger ſizes, yet it is not neceſſary to the true caſt- 
ing up of the Contents thereof, that may be done by theſe 
Tables, and any little Scheam or Draught thereof, as well 
by one which is ar hundred titnes greater, the ordinary 
way by the Scale and Compaſs. 
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Having therefore determined your Scale, according to 
your occaſion, and divided: and numbred by your Square 
accordingly ; ſet down therein the ſeveral angular Points 
ABCDEF, according to their Longitude and Latitude 
from the firſt point A, according to the rules of the Plain 
Chart. 

Thus having choſan a fit place where the point-A ſhovld 
ſtand, let B be placed from it 75 Poles, 18 parts North» 
ward, and 27 Poles, 36 parts Eaſtward : which you may 
do by laying a Ruler firlt to the Latitude thereof in the ſides 
of the Fable, and drawing a ſmall occult Line, and then 

laying 


2j& > 


OO 


- P—_— mo on on 


Pupoſirions of Survening, = 


laying your Ruler to the wh 

the Longitude thereof, crots the forefaid line ;. and that 
is the point. of the angle B. So you muſt do for the points 
CDEF, according to i their Longitude and Latitude in 
the Table, and then draw. the lines from A to B, from 
B to QC, and fo round aboyt-till you come:to A again, 
and thus you have the true form” of the bounds of the 
ſaid Field, Wood, Park or Forreſt, which you would 
meaſure. In the further particulars; whereof the draught 
it ſelf will direQt you better then many wards. | 


5. How to caſt up the content of any parcel of Land in Poles 
and Arches, | | 


My intent here js not to ſhew you how to meaſure any 
parcel of Land according to the form it lies in, whether 
it be Circular, Square, or Triangular, &c. but having the 
plot of the Fieid before yon , caſt it into ſome regular 
form (which commonly will fall into Triavgles or Tra- 
peziums ) making as few parcels thereof as you ;can : 
And knowing all the ſides which bound the Field, and the 
angles thereof, if you would know the true quantity of 
any other ſide or angle neceſſary for the caſting up of the 
Contents, you may find it out ether by the Doctrine of 
Plain Triangles, or by the rules of Plain Sailing, and thus 
caſting up the Contents of the [everal parts, and adding 
them together, the total ſum wall'be the true content of- the 
parcel of Land. | 7A al 

For example, though this be a regular Hezagon,. and 
the Contents might be found ont a nearer way, yet for ex- 
amp.e ſake, I ſhall divide it into four Triangles from the 


-point A, by the lines. AC, AD and AE, and moſt of 
the angles of theſe. Triangles are kyown,,, if you obſerve 


the Poſition of the places from each gther, and. make Sub- 
ſtraQtion 2ccording io the angles before and after. 
But when you cannot. readily find the angles this way, 


you. may make uſe of the rules of Plain Sailing, and by 
the difference of Longiende aud, Latitude of any. 1wo. 


Places, 


and botcom of the Square, at 
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places, find out the angle of their Rhumb, and the di- 
ſtance between them. As now in the Triangle A BC, 
if you would find the angleat A, and the diſtance A C. 
Firſt, find the difference of Longitude and Latitude of C 
from A, 'which the Table ſhews you, being North. from 
A 89g Poles, 07 parts, and Eaſt 106 Poles 14 parts, 


Now as the difference of Latitude 89.07 
To the difference of Longitude. 106 14 
So is the Radius or Tangent of 45 | 10000 
To the Tangent of the angle from the Merid. 119.17 


Which is the Tangent of 50 degrees. 


Again as the Radius or 100.09 
To the difference of Latitude 89.07 
So is the Secant of this angle 50 degrees. I55.57 

To the Secant or fide A C 138.57 


By theſe three ſides now, B C 80 Poles, CD 80 Poles, 
and A C 138 Poles 57 parts, you may find the content of 
the Triangle by the Tables of Logarithms, but ir is-better 
to'let fall the perpendicular from Bupon this line A C,which 
thus you may do. 


The whole angle H A C being found to be 50 degrees, 


The angle H A B to be ſubſtracted 20 degrees, 
There remains for the angle BA C 30 degrees, 
Now as the Radius IP > 100.00 
To the ſide A B 80 Poles 80 
50 the Sine, (or rather Coſine) of the angle 30 deg. 
To the Perpendicular 80 Poles 49 


And now the'fide A C'139 Poles 57, multiplied by half 
this perpendicular ; yields 2771 poles 40 parts, which is 
the content'of thee ſaid Triangle. © 2 7 6 

So likewiſe in the. Triangle A C D, the fide A C was 
found in the laſt Triangle to be- 138.57, the fide CD is 
8o poles, and for the fide A D and the angle at A, you may 
find it as before; by the Northing' and Faſting of D from 


FY 
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A, which is North 27.79, and Eaſt 157.56 parts : which 
gives the whole angle H A D 80 degrees, and the flde A D 
160 poles. Now if youtake the angle HAC 50 degrees, 
from this 80 degrees, there. remains for this angle 30 de- 
grees, by which angle 3o degrees, and the ſide AC 138.37 
parts, you will find'the perpendicular from C to be 69.28 
parts, and this multiplied by the half" of the fide A D 
which is 80 poles, yields for the content 5542 poles, 
40 PaTrts. | 

The like you may do for the other two Triangles ADE, 
and A EF, which are like to the two former, fo that it is 
needleſs to go over the ſame again, and much of this 
labour might be ſpared alſo, if when you are in the Field 
you obſerve thoſe angles round about. from the place 
A; For that 1s the moſt troubleſome part of the work ; 
the ſides being eaſily found by the Secants, and the per- 
pendiculars by the Sines, which you may perform by 
theſe Tables, either by turning to the angles, where you 
ſhall find your Numbers ready caſt up to your hand, or 
at moſt you may take it out at twice, and add them 
together. 

In the laſt place for the content of the whole Field, you 
muſt add all theſe feveral Triangles together, and divide 
the product by 160 poles, ſo you ſhall bring it into Arcres 
Thus, | 


poles parts 


The content of the triangle A B C is 2771 49 
The content of the triangle A CD is $542 40 
The content ofthe triangle ADEis $542 40 
The content of the triangle AEF is 2771 40 

The ſum of all is 16627 60 


Which divided by 160 poles, the content of one Acre, 
yields 103 Acres, 147 Poles, 60 Parts, or 103 Acres, 
3 Quarters, or 3 Roods, 27 Poles, 60 Parts. : 

Laſt of all as you do here by one large Field, parting 
IC inio ſeveral parcels, and ſo mcaſure 1t; So you my 

my 0 
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do by a great Lordſhip or Manor , which hath ſeveral 
Fields and parcels of Land belonging to it. Firſt, mea- 
ſure the bounds thereof round about, and lay down the 
=_ thereof. Then meaſure the bounds of the ſeveral 

ields, and ſet them down in your Plat, and thereby you 
ſhall by ſome few of the lines and angles, find the 'con- 
tent of the ſeveral Fields; and adding them all together, 
know the content of the whole Manor, and deſcribe a true 
Plat thereof. 

But of theſe things & only give you a ſhort view, they 
being ſomewhat beſide my intended purpoſe, yet I hope 
this will be enough to inſtrat you how to take the true 
Plat of any Sea-Coaſt. Port or Ifland, as you fail along 
by it upon tae Sea, or if need be to deſcribe any Country 
you ſhall have occaſion to land upon; which may be of 
great uſe, eſpecially wizen you diſcover any ſuch places as 
are not yet found out, or fully and truly' deſccibed in your 
Maps and Charts. 
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A Note of good Uſe. 


LL theſe kind of Tables are never calculated farther than 
to the right Angle, or go deg. But yet many times your 
Angle which you ſhould uſe falls out to be an Obtuſe Angle, 


above 9o deg. in which caſe the ordinary Rule is, to take the 
complement of your Angle to 180 deg; or elſe the complement 


of the exceſs of your Angle above go deg. But to eaſe this trou- 
ble, and to prevent miſtakes herein, I have in the Table of Sines 
ſet down the Degrees for theſs Angles above go to 180 deg. the 
Minutes.or Centeſmes are to he found as for the other Degrees, 


either upward or downward 
or bottom of the Colume. 
us the Sine of 134 deg. 18 Min, or 30 C. is 7157, 
And the. Sine of 135 deg. 42 Min. or 70 C. is 6984. 
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Of the Table of Meridional parts, 


Secants 1h natural numbers, to ſerve for the confir- 
mation and proof of my way of working by my 
New Canon, ſo Þ have likewiſe added this Table 
of Meridzonal parts, for the farther illuſtration 'thereof'; 
whereby you may not onely ſee the truth 'of my way of 
working by Secants,for the finding of the degrees of Longi- 
tude, butalſo the ready performance thereof. CO 


\ S I have added the Tables of Sines, Tangents and 


The nature and uſe of this Table is fo well ktown, that 1 
ſhall not need to write a word abont it. But this I would 
have you take notice of; That if you work by this ' Table, 
thereis firſt as much troubleto find out the/Heridional parts; 8 
and then having found them, you muſt afterwards frame Ws 
them into a Triangle, and reſolve itby Calculation;according, "bkit 
<0 this Proportion, Ig] 


As the Radius, | 
To the difference of Latitude 3n Meridional parts, 
So 8s the Tangent of the Rumb, 
To the difference of Longitude. 
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The Uſe of this-Table of Proportion. 


He uſe I ſhall make of this Tablehere, is to find the 
part proportional for any Decimal,or centeſin part 

of a degree, by the difference which is ſet down in . 
theſe Tables between each degree. And here the 
queſtion or the caſe 1stwofold:either by the differnce to nd 
the part proportional for any part of that degree, oreMe by. 
the difference and the part proportional allotted, to find the 

part ofthe degree anſwering thereunto. 

For the firſt, knowing the difference, and the part of-the 


degree,to find the part proportional thereof. This may eaſily The fil 


be done by Multiplication, but more readily by this Table ; nt 
for here find but the whole difference in the firſt cohom;and 7? 


. | oporti-' 
the other columns fliew the part Proportional for every =T, part 


tenth part of the degree, if the ſaid difference be not more for any 


than 100 parts, only you muſt ſeparate the laſt, figure from = fs 


the other by a (.) for a Fraction. 

Thus the difference between any degree being 65 parts, 
the part proportional for each Decimal or tenth part of 
that degree will be as im the Table, in the line againſt 65. 

ViX. 


1 © 4,7 0 FF + m0 
6:5 13.0 19.5 26,0 32.5 3909 45.5 52,0 59,5 65.0 


If you would have the part proportional for each: Cen« 
teſm of a degree ; firſt, ſet down for the Decimal Part, as 
before, and afterwards for the Centeſm part ; and ſo: ad- 
ding them together, and cutting off the two laſt figures, as 
a:Fraction, you ſhall have the part proportional thereof. 


Thus 


'Thus the difference being 65 as, before,the proportional 
parts will be thus. : | A 


br 22. B-: WW, ESO op 


"465 15» - 195 "wo js a6 as ao. 38s 
65 - 220 i9g 266 a 1 26 3D 5 
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7.15 1439 21.45 28.60 41.25 42.99 50.05 57,20 6435 


If the difference of your whole degree be above 100 parts, 
ſcek the neareſt number in the laſt column, and take thar line 
for your decimal parts,as before,ſo the errour will not be 


'much. Thus your difference being 655,you may take either - 


the line 650,0r 660,without any great danger of errour,if 
you work only in Decimal parcs : but if you will be more 
exaQ,take firſt the part proportional for the two firſt figures 
thereof, and afterwards for the other figure,you may find the 
centeſm thereof, the long wayes of the Table,which ficly 
placed under the other, and added together, ſhews the .true 


part proportional. 
. 4s thus: 


- A... bs 80-8 77 88 99 . 
65 130 195 260 325 3c0 _ a 
&5 130 I9s 260 325 399 4s 520 585 
Hs IIO 165 220 275 320 355 440 495 
72.05 144.10 216.15 283,20 360:25* 432,30 504,35 $576.49 648.45 


If you think this too much trouble, you may content your 
{elf,as I ſaid-before, with the Decimalpart,which may more 
eaſily be had,and is exact enough in moſt caſes: But this is as 
ſoon and ſooner performed, than the ordinary way by the 
Rule of proportion, viz. 


Thus firſt for 6 50,and then for 005,the proportional part 


As 


n= as 44 a A 
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Wl. ATC i a wx  o Tj vDvJXXX ie vp 


—  — 


As the whole degree or 100 parts, 100 655 


To the whole difference 655 Ns 
So any cenieſm part of a degree 99 5895 
To the part propotional thereof 648. 45, 648.45 


The ſecond caſe is thus : when you know the difference 
of the whole degree,and alſo the part proportional is known 


or alotted, to find thereby, to what centeſimn of the degree 


it anſwers. This is to be done by the converſe of the former 
Rule,wherein ycu-muſt work by Diviſion, as before by Mule 
tiplication. 


For as the whole difference 650 
To one degree, or 100 parts 100 
Sothe part of the difference allotted 585 
To the centeſm part of the degree go: 


In this, the Table will help you as much as in the former; . 


for find your difference 650 inthe laſt column of the Table, 


& looking along inthat line,till you.find your part proporti- 


onal,or the neareſt toit,which here is 585; this you ſhall find 
in the ninth column of the Table, therefore the part of the 
degree anſwering hereunto 1s either 9 tenths or go centeſims 
of a degree. . | 

Ifthis Table where inlarged,it would do this buſineſs ſome- 
what more exactly and readly. when you work in centeſms 
of a degree. But as for decimal parts (which are as exact as 
you need ) this part of the Table will do as well as all of it, 


though this Table would be of great uſe in Arithmatick,and . 


much might be ſaid thereof, yet I ſhall not inlarge upon it at 
preſent,but leave you ſomtimes to exerciſe your Multipli- 
cation and Diviſion. 
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The Second Part. 


Shewing ſeveral ways for the Regulating 
of the Log-line ; for the more exaCt finding of the true 
Way of a Ship thereby, 


| 


| 
With 


Several other Concluſions propounded for 


| this purpoſe; whereby the Minutes and Seconds of time 
| may be exactly diſtinguiſhed ; and the conſtant motion of a 
\ Ship more certainly known, than by any. other way uſed here- 
| tofore. | 


| 


| By HENRY PHILIPPES. 


|» —_ — 


| London, Printed by F. Gain, for W. Fiſher at the Poſtern 
near Tower Hill, Tho. Paſſenger on Lonaon Briage, and 
R. Smith under the Royal Exchange 1n Cornhill, 1684, 


Art of Navigation, 
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Artof Navigation, 
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The $ and Part. 
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N the PraQtice of the Art of Navigation there is no' one 


thing more neceſſary than to be able to make a true 
eſtimate of the way which the Ship makes with any 


Wind, according to the ſtrength and continuance 
thereof; for this is one thing mult {till be known, by what 
Chart ſoever you keep the Account. 

The beſt way inuſe for this purpoſe, is by the Log-line and 
minute glaſs, which though it be well known, and of good 


and ancient uſe among Sea-men z; yet there are many things 


as to the manner of uſing thereof worthy. conſideration, 
which are not taken notice of by Sea-men, which would 


much help them in the true knowledge of their ſhips. 


motion ; Andto this purpoſe I ſhall propound, Firſt ſome 
things concerning the true length of the Log-line, and the 
ordinary uſe thereof by a minute glaſs, after the old way. 
Secondly, I ſhall propound ſomewhat concerning the exact 
meaſuring of the time without a glaſs, more exactly than 


by a glaſs, ſo that you ſhall not only know the firſt minutes: 


of time, but the ſeconds, and half ſeconds thereof, by a moſt 
Rr 2 plain 
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Pyopoſlitions about the Meaſuring of Time. 


plain and eafte concluſion as you can defire, and accordingly 
ſhall ſhew you how you ſhall uſe the Log-liae, after ſomewhar 
a different and a better way. Thirdly, 1 ſhall propound unto 
youfotne CONCLUSIONS, which with Care and Ds 
ligence, may be brought to perfection; ſo that they ſhall 
thew the ſhips way much better than the Log-line, or any 
other way hitherto publiſhed. 

For the firſt of theſe particulars. That which I would 
adviſe you about the length of the Log-line is this; That you 
make aknot at every 30 feet length of your lire, and ob- 
ſerve the runing thereof by an half minute glaſſe, for then 
ſo many knots as veer out in haff a minute, ſo many 100 


parts of a degree the ſhip runs ip an h&ur. $o;that hereby you 


may TEdily accountyour ſhip$ way in,defrees and hundred 
parts (which is beſt and moſt agrecable to theſe Maps) and 
ſo for any other number of hours, or for a day cr two, as 
long as you ſee that force of wind and motion laſteth. | 

Orelſe if you have a mind to know the way of the ſhip in 
miles 2nd jeagues, or rather in minutes or 60 parts ofa 
degree, then becauſe there 18in one whole degree 360000 
fcer, there will be in every minute or 60 part thereor 6906 
feet. And therefore it you make a knot at every 50 fect 
length of your line, and uſe an half minute glaſſe; obſerve 
how many knots run out in half a minute, and ſo many miles 
or minutes doth-the ſhip run every hour, and every 5 feet 
more, ſhews the tenth part of a mile over. 

Either of theſe wayes you will find much more exact then 
the old rule,of making a knot at cvery 42 feet or ſeven 
fathoms, which is grounded upon this crroneous principle, 
that there is on:ly 300000 feet in a degree, and ſo but 500o 
fcet ina minute or mile. It being proved by Mr. Norwoods 
experiment -that there is about 367200 feet in a degrees 
though far the better conveniency of the divilions of the 
numbers and the line, and other good cauſes he takes but 
368000 feet into the deg: ec. 

Now thcuzh this be the beſt way in uſe to find out the 
dcad reckoning : yet fume that would be accounted old ex- 
pcriceced Sea-men think they.can guiſe well enough of the 
way the ſhip makes though they ſeldom or aerer ae” the 
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Log-line. It is true, expcrience may give a good guelle herc- 
at : but fo be the more ſure, it is good to uſe all helps, and 
yetall little enough ſom ims. Ott ers they uſe 10 make ſome 
marks along the ſhips ſides ar a certain numbcr of feet, and 
{5 letting any thing fall into the water at the head of the ſhip 
oblerve in waat time iT paiteti 5y Thoſe marks & fo indge of 
the ſhips way. This way is ſubject ro many exceptions,as firit: 
the dead water which the ſhip makes at her ſides, cauſcth the 
motion of the thing that ſwims hy to he too flow. Seconly 
the ſhortnelle of the meaſure of this motion, which can he 
but the ſhips length which is ſeldom an 100 feer. Thirdly, 
the ſhortneſle of the time of this motion, and the difficulty to 
know it exa&tly, yct becauſe this way is better then none, 
2nd alſo becauſe I ſhall ſhew you a good way for the true 
meaſuring not onely of minutes but ſeconds of time, I ſhall 
{hcw you-how to place marks on your ſhip ſides, whercby 
you may know the way your ſhip makes. 

If you will reckon the ſhips way in miles or 69 parts of a 7, 14+ 
degrec, then mcaſure 5o feet length upon the fide of your two marks 
tip and Place two marks there : and if the ſhip run the on the th'p 
dittance of theſe two marks in halfe a minute or 30 ſeconds 4459 
_*s - .  {hew tie 
it 15 after the rate of one mile an hour , If the ſhip cun theſe in mi. 
55 fect in a quarter of a minute or 15 ſeconds, it is two miles nytes, 

21 honor, If ic run this diſtance in 10 ſeconds it is 3 mule an 
Mouar. If i: run this diſtance in 6 ſeconds it is 5 miles an hour 
{ft 1t run this diitance in 5 ſeconds ic is 6 mile an hour, If in 
; ſeconds it 1s 10 miles an hour | 

Orelſe if yeu make a row of marks along your ſhip ide, aniter 
making a mark at every twenty inches, then if your ſhÞ run way by 
One of theſe marks in a ſecond, it is one mile 2n hour, If the many 
{hip run two of theſe parts in a ſecond, it is two miles an tort 

hour : if three, it is three miles, if 5 it is five miles, &c. Or THe 
cient you divide the number of parts the ſhip runs,by the (-- 
conds of time,it ſhzws how many miles a ſhip runsinan hour. 
Thus if the ſhip run 25 of theſe partsin 5 fecenc s, 1ITis 4 
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miles an houc :1f292 10 4 ſeconds it is 5 miles an hour - if To mak 
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22in 2 ſeconds it is 12 miles an hour. two mats 
1x4 like manner it you wcu:;d reckon YOUL {hips way an- 
hundred par.s of a Gexre?, ticn make your marks at 3o toor 7h 
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Pyopoſitions about tbe Meaſuring of Time. 


you may make wo or three of theſe marks 30 foot a ſunder. 

So if your ſhip run one of theſe diſtances in half a minnte, it 

1s one 100 part ofa degree in an hour : if 2 of them, it is 200 

parts &c.Qr elſeif it run one of theſe diſtances in 30 ſeconds 
or half a minue, it is 100 parts ofa degree an hou; : xrone- 
za 15 1econds it is two hundred parts an hour ; if. one 
in 10 ſecants, it is 300 parts an hour, and ſo always divide 
the half minute or 30 ſeconds, by the number of the marks 
of the ſhips motion, and the quotient ſhews.the 100 parts of 
a degree run 1n the hour. 


Laſtly, if you make marks at every foot upon the ſhip- 


To find fjdes, then if the ſhip move one foot in a ſecond of time, it 


the ame j5 x00 parts an hour: if 2 fect or marks, it is 200 parts ; if 5 . 


9Y WBIY feet or marks ina ſecond of time, it is.500 parts an hour : Or 


thort % th _—_ | 
ik. 43 before divide the number of theſe feet or parts run, by the 


ſeconds of time, and the quotient ſhews the number of 100: 


parts, which the ſhip runs in an hour. 
The Second general head concerning the meaſuring of the time-+ 


If you will know the true quantity of your ſhips way, you 

Sererat muſt not onely be carcfull in dividing your line, but you 
2rtain mult alſo be very exact in meaſuring the times: and not con- 
mma. ENT your ſelf as tome do, to eſtimate the time by the pro- 
"aſero Nouncing of a few words, or telling a certain number. As 
etimate ſome think the ſaying of the Lords prayer, others that the 
he time telling of twice three ſcore will take up a minute of time. 
2:2 2t- Buttheſe ways are.not only uncertain in reſpeCt' of: ſeveral 
TIte BY» men,fome ſpeaking ſlower, and ſome faſter: but it will be an 


hard thing for one and the fame mannot to be ready to tell 
taſter or ſlower,as he tall ſee the motion of any thing by him: 


ca be twitter or flower. Beſides, a man may. readily , and ſo 
be more apttotell r, 2, 3, 4, 5, &c, to tenor twenty, faſter 
then 2 1, 22, Cc. there being more time required to pro- 
nounce theſe double numbers, though his fancy may help 
61M, 1f not other ways imployed. . 
Kep:er obſerves that the pulſe of a ſtrong healthful man 
beats about 400a ſtrokes in an hour: which is 67 times in 2 
minute. But Elderly. and Melancholy mens pulſes beat 


ilower, about 60 timesin a minute, whereas hot cholerick. 


conſtitutions their pulſes beat 89. times in a hour, neither 
doth, 


k oo «+ 


— a. ako. PEI ny 
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doth a'mans Pulſc beat all times alike, ſo that this is but- an 
-uncertain rule. -. Yy 

Itis ſomewhata better way tq meaſore theſe ſmalf mo- 
ments of time by walking a cqrttain number of ſteps ot 
ſtrides. Thus a man walking a yur handſome pace, viz. 
after the rate of 3 Engliſh meafured miles, or two and -2 
half of ordinary country miles an hour, doth take 120, or 
twice three ſcore ſteps in a minute of an hour, which is two 
ſteps in every ſecond. For thus the head and foot being 
both inaction, the motion of feet being alwayes equal, will 
keep the na_ from running too faſt 1n thoſe leſſer ſingle 
numbers, and fo the more ſenſes being exerciſed about this, 
they will one help the other. 

But the beſt way hitherto ufed for this purpoſe is a g00d 

laſs made to run a juſt minute, or half a minute, or 36 
Tecants which is the hundreth part ofan hour according as 
you pleaſe your ſelf, and as your line is fitted with knots. 
Againſt this if it be well and truly made, I have little or 
nothing to except : But yet theſe glaſſes ſhew onely the time 
they run for, whether it be a minute or half a minute, and 
give no good notice of the ſeconds or ſmaller moments of the 
time, which may in many caſes be of good uſe, as I ſhall give 
ſome inſtances anon, 

And becauſe you cannot be too carefull in meafuring theſe 
Tmall parcels of time, ſince a ſmall error in a minutes tire 
will come to much in 60 minntes whici is but one hour, nd 
much more in a day or a longer time: therefore I ſhall ſhes: 
you two or three ways which may eaſily be brought inio uze, 
which will be very exact for the meaſuring, not only of thoie 
minutes, but alſo of their ſeconds. 

The firſt way may be by a watch or clock, either a ſmall 
mocket watch, or thoſe greater, or leſſer braſs clocks, which 
g0 by weights, cither of theſe may be ſo contrived by a good 


; io nnd 
(ne time 


workman, that they may by little hands or Indices ſhew the of a mi- 


minutes and ſeconds, as well as the hours : and ſome ſach 1 ute by 2 


have ſeen made, and the like may be eaſily performed in 
others.For genzrally the ballance wheel of a great braſs clock, 
which goes by weights turn about in a minute -of an hour : 
And ſome of the lefler ſize, their ballance wheel turas about 
twice It an hour. But becauſe this wheel goes as it. were by 

lteps 


Watch or 
Clock, 


— 
= 
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ſteps and ſtarts, it will much better be performed in a pocket 
watch, if the cantrite wheel be fitted lo as to turn about 1na 
minute, this may have a liitle Index and circle fitted to itz 
which will ſhew the ſeconds very handſomely and truly. 

But if you think this may be too chargeable to have watches 
made on purpoſe, you may Go the like by any ordinary 
watch, if you beſtow the reckoning of- the teeth of the 
wheels, and ſo find how they are moved one by another. 
Thus in an ordiua:ty watch which hath four-wheels, and the 
pinions 5 leavesor tecth. T here is 1 the ballance wheel, whoſe 
pinion hath 5 leaves, this is turned by the cantrite or crown 
wheel, which hath 4otceth ſo-that if you divide 40 by 5,you 
ihall find this wheel at each turning turns the ballance wheel 
8 times about. Then there is the ſecond wheel, which hath 
45 teeth: this therefore turns about the crown wheel gtimes. 
Laſtly, there is the great wheel, and this hath 55 teeth, ſo 
that this turns about the ſecond wheel 1.1 tim«s, Now if you 
multiply theſe. one by the other. HED 


The ballance wheet 1) 
The Cantrite wheel turns this 8 times 8 
The ſecond wheel turns the Cantriteg times. g\ . 
Which being multiplyed together, is 72 { CES) 
The great wheel turns this 11 times i1\ 
By which multiply the other, it makes 792 ) 


So that the great wheel by once turning about, turns about - 


the ballance wheel 792. times. ; 

Now this great. wheel uſully hath. a pinion of 4. and the 
. haur-wheel hach 36tecth ; ſo that it turns about g times in 
12 hours, and fo brings the hand of the watch round about, 
in which12 hours there is 720 min.which divided by g,ſhews 
this great wheel turns about juſt in 80minutes : divide there- 
fore the foreſajd 792 turnes of the ballance wheel by theſe 80 
minutes of time, and you ſhall find 9.90. ſo that the ballance 
wheel turns about 9-times and go hundred parts if a mi- 
nute of an hour. 

But this coming ſo neer to 10 times, you may. account 10 
turns of the ballance wheel to a minute, and ſo eyery turn of 
hc ballance-wheel is 6 ſeconds, | 

Bet 
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eurns the ballance-whcel 8 times abour, ſo that this cantrite 
wheel is 8 times 6 ſeconds, or 48 ſeconds in turning abour. 
Thereforettyou makeamant vponthe ballince-whetl, and 
another upon the cantrite hee}. vay ſhall know that when 
theſemar ks comes to cextaif place foggther, that the bal- 
lance Wheel is gutted about $ timgs, and theg twige more 
makes up theininute. - : * ey. 

Or els if you ſet fifſt one mark: upon the carr wheel, 


and then ſeg two other Mares by it ; the one ten.teeth before 
ir, and the other tgh teeth after it; the oj of theſe will ſhew 
{ix bouts of the iſ wheelgwhich Minus which 18 
the 100 part of It hotrr-and t.latret iv illTſhew the minute, 
Or 60 part of an hour. | 
In theſe concluſions it will be b:ſt to mark both the bal- 
lance wheel, and the cantrite wheel, (which you may do 
when your watch 1s 1n pieces witha little graver, or if you 
pleaſe with your pen, and a little ink) for both wheels being 
thus marked, the mark upon the ballance wheel coming to 
your eye will more exactly fhew the true revolution of either 
wheel, and the marks tpon the other will give you better 
notice of the number of the bouts of the ballance wheel, and 
when the minute is up. | 
To conclude this concluſion, though all watches are not 
made with theſe numbers of teeth, but ſome have ſix leaves 
in a pinion, and ſome difference alſo may be in the number of 
the tceth of the wheels, yet you may by this Example know 
how tb find ont the like by any other watch, and ſo by two 
1arks upon-the cantrite 'and ballance wheel, find the true 
time ofa minute, or halfa minute 'or,36 ſeconds which-is the 
hundred part of an hour, or any other {mall prepertion of. 
Lime you defrre. oy Anewex 
Bui the molt eaſie and exaCt way for the meaſuring of g, thi 
theſe ſmall parcels of time,is by hanging agood biz bullet or Gvinging | 
1 plummerin a ſtring, the ſtring bz1ng-firted to. a juſt length, ofa ge 
2nd fixed handtomely to the top of ay Rootn, or atty timber met, to” 
of the frip, and-{loteliing the ſwings thereof; And this will —_ oo 
PLOVE NO ch11d1h « >NCINJ1ON, as It nay ſcem at the firſt, bat An 
9 : mAY exactiv, 
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See 64li- may be made good uſe of in many things, and will be moſt 
tews his Di- eafte and exact in the performance, if you conſider theſe 


alogues, : , 


of Bodies, 


 Firkehing , Eiclt, at may be proved by demonſtration, but moreeaſily 


obſ-r5able Dy experience, that a bullet or plummet hung in a ſtring, and. 


in this. being moved gently from the wy pang to any aigle, 
The lame (keeping the ſtring ſtraight) and ſo let go to have its own 


number of fyjng; will keep ſuch exact time in ics ſwingiog, that though- 


oo it fetcheth a greater compaſs at the firſt {winging thereof, 


laft, are Yet it keeps the ſame time in the ſame number of ſwings. - 


made in So that if it make 20,40,0r 60 ſwings in a minute at the firſt. 
Be ſame motion, it will do the like afterward, until it Rands quite 
chace Of. {till And if you will have an eafie experiment to-prove this; 


of like length, let theſe two ballets be drawa from: their 


perpendiculars to an equal angle, and both let go together, 
_ time and motion together. 


you ſhall find them keep the 
for 2 long time; ii the ſtrings be jaſt ofequal length. 


An caſte 


proof that their firſt and laſt motion; do thus. When: the one of them 
the ſwings hath ſwong a good while, then lift up the other toa conve- 
keep © nient height, {0 as the firſt was before, and ſo let irgo of it 
qual UM. . & though this plummet laſt let fall will fetch a greater 
compaſs then the. other, yet you ſhall. find them keep a ſh 
- number 


take 2 bnllers of like weight,6 let them hang in-the ſtrings- 


But now to try whether they. keep the ſame time alſo of: 


poſe 
to th: 
the p 
TECKC 
numb 
{elf e 
delire 
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number in their ſwings, ſo that the one ſhall get ofthe other 
lictle or nothing, if the length of ſtrings and all elſe be equa). 
This is a plain and undeniable proof, that the like number 
of ſwings firſt and laſt of any plummet are in equal time. 
But ſccondly, if 1 ſhould allow you a greater latitude in 4 
this expermment, as that you ſhould rake bullets or plummets — 
of ſeveral bigneſſes and weights ; yea of ſeveral forms,yet the rence of 
experiment will be much the ſame, and the number of ſwings weights, 
will be equal in the equal time, if the length of the ſtrings be Either in 
equal. * Only in this caſe, you muſt not meaſure the bare A of 
length ofthe ſtring, but meaſure from the center of gravity or Born 
of the bullet or plummet, to the place where the ſtring is do not als, 
-faſtened above - and thus doing, though a round bullet may ter the 
ſeem heſt, yet any form of the plummet will do the like, T7vtion. 
And this rule muſt be obſerved allo in the hanging of bells in _ __ 
Churches, that though the. bells are of different ſizes and in the 
- weights, yet they mult allſo hang, that there may be the meaſuring 
' Iikeſpace from the Axle-tree pin, or center of the motion, of the 
.to the center of gravity ofthe bell ;.elſe the bells will never _—_ or 
keep time: and the nearer they are thus hung, 'of equal ,F a 
length, in reſpeCt of their center of gravity, the hetter-they 1et the 
will keeptime, and ring the truer wich lets trouble. This plummet 
you may.try likewiſe, as before with two different plum- Þ* ©. 
mets, and you will find the number of ſwings equal z yea, ty” 
though ye do not lift-them up to the tame angle trom the : 
' perpendicular, but the one to 30 or 40 degrees, the other to 
'60 or 70 degrees. 
Thirdly, here js nothing thereof neceſſary to this purpoſe, 
-which you need be curious about, but onely to know how 
long the ſtring muſt be, from the center of gravity of the 30. All 
'ullet or plummet, to the point where the line is fixed, that ny ay 9 
ſoit may make a certain and delired number of ſwings in a in the 
certain and determined time, v/z. in a minute, or half a length of 
minute, or the hundred part of an hour. And to this pur- *< ring, 
poſe] have found, thatif the ſtring (as aforeſaid, reckoning 7 45 
to the center of the plummet ) be 38 inches and an half, then ung, and 
the plummet will make 60 ſwings in a minute of an hour, is always 
reckoning The ſwings both forward and backward into the confiant. 
number. And of this alſo your may as eaſily make trial your | 
felf, either for this, or zny other length of time, which you 
delire. Si 2 Foutrthly, 


l 


" 
Fil; 
it 
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«14 wo And herein that I may not leaye you to run at. randome, 


on, to Whenthere is a good rule to go by, whic!: alſo proves the 

make any concluſion to be more conſideradle and !44; 2vmatical, you 

number of may take notice, that the number of ſwings ave a Quadra- 

ſwings in xjca] proportion :otke length of the ſtring - rickoning, as I 

> = 4 ar ſaid before, the ſhorter the ſtring, ne racre the ſwings and 
the longer the ſtring, the fewer tc {wii - 179 W&e er::fore 
you muſt work by the back rule oi ptopeiiuon to find out 
the length of Lic iiring; 


For Example. 


 Tf38 inches and an half make 60 iwings ina minute of an 
- hour, how many will 77 inches (which 1s double this length) 
make-in the ſame time ? 


Inches 38.5. Swings 60. Inches 77,0 Swings 42. 4 
Square 60 


3600 Square 1800 


Here if you ſquare the 60 ſwings, they make 3600, by 
which multiply the firſt number, 38.5 inches, the product 
makes 1386000 then divide this product by the third num- 
ber 570 & the quotient Is 1800. Laſtly, find the ſquare root 
of this 1800, and It 1s 42.4. which ſhews, if the ſtring be 77 


inches, the plummet will make 42 ſwings, and almoſt an. 


Nalf. 
And thus you may.it find, if you try by the ſtring. 
Again, if you would proportion the number of ſwings to 
any time; as if you would have the plummet make 120 
iwIhgs in a minute of an hour,the manner of work will be the 
tame, aSin this example. 
60 Swings 
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6> Swings. 38.5 Inches. 120 Swings. 9.625 Inches 


$qu. 60 3600. Squ. 120 
3600 231000 2400 
1175 120 1386000 (9.625 
a —— 14400 


1386000 14400 


Here if you ſquare the 60 ſwings, they produce 3600 
which multiplyed by 38.5; inches, make 1386000, as before; 
then ſquare the 129 ſwings,and they. make 14400 ; by whick 


divide the former product, and the quotient will be 9 inches, . 


and 625 thouſand parts of an inch. 

If you have a mia to alter this concluſion to any other 
nember of ſings ina minute, you may ſee by this how to do 
it. It you would know how many of theſe ſwings go to any 


otiier part of time, it is more eaſie being done by the rule of: 


plain proportion. Thus according to the firſt length; 


If one minute | hath 60] Then 36 ſeconds or- |hath 36- 


or 60 ſeconds | Swings [the 100. part ofan hour[Swings: 


But I think there will be no need to do this, but you may. 
be content with the firſt propounded length and'time,which - 
is 35 inches and an half, making 60 ſwing ina minute of an. 


hour, which anſwers very; well to the 60ſeconds which are in 
a minute, of which there are 2600 in an hour; This length 
of the ſtring is very convenient, and the Plummet will ſwing 
alonger time than if the line be ſhorter, and it will require a 
good handſome weight of a pound, or halfa pound ar leaſt; 
which will not be ſo ſubjeCt te be hindred by the wind as a 
leſſer may,” Yet fer a curions trial ofa ſmall time, you may 
make uſe of the ſhorter length, inches,.625 thouſand parts, 
this paſſing by the Perpendicular line, 120 in a minute 


makes a diſtinction not only of the ſeconds, but of the thirds . 


alſo, there being two ſwings:-to each ſecond, and this in a 

cloſe place, fitted with an handſome bullet, and a gentle ſitk 

ſtring, will ſwing a good while. And if you find the motion 

begin to.fail, you may help it with a gentle touch of your 
? 


hand. 


' 
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had, and ſo make it ſtconger again. Sol leave you to you 

own choice. 
An Ob: There is onely one thing that may be objeed as doubt- 
jection in ful in the PraCtice of this concluſion: and that is, leaſt the 
reſpe@ of pzking and rovling of the ſhip, ſhould hinder the motion of 
oo my ro the Plummet. And indeed ſuch is the nature of this motion 
the Ship. that nothing diſturbs it more then an unconſtant or diſ- 
orderly ſhaking thereof ;, as you mayſee by this eaſte proof. 
The In- Taketwo ſtrings of an equal length and plummets of 
conreni- equal length and weight, Iet them be both 38 inches +, or 
ence not any other length you pleaſe, let the one of them be made 
= ; faſt tothe topof a room, and hold the other in your hand, 
EIT holding your band as ſteady as you call let theſe two pjum- 
red by mets begin to ſwing both at one time, mounted-to the ſame 
eryal. angle; yet that which you hold -in your hand will go ſome- 
what ſlower then that which is fixed z becauſe you cannot 


(or very hardly) hold your hand fo ſtill, but that the motion - 


of your hand will alter the ſwinging of the plummet very 
ſenſidly , fo that it will neither ſwing ſo faſt, nor fo long, as 
:That which is fixed. Yea, the more you move your hand, 
-thinking to make it go the faſter, it will go ſo much the 
flower 3 and if you move your hand too faſt, thinking to 
force it beyond its own natural motion ; it will not ſwing at 
all. 


How to But to prevent this inconvenience, I ſhall ſhew you how to 
6 ps i order this concluſion another way, ſo that'you ſhall not need 
Cunience TO fix your line to any part of the ſhip, bur hold it in your 
witha hand; and thus if the Sea be not too much overgrown, but 
plain that you may ſtand handſomely upright in your ſhip, you 
proof and mz1y by the ſwinging of the plammet find theſe ſinall mo- 
tryal ments of time as exaCtly as inaclam,orina houſe upon the 

land. | 

The And to this purpoſe; becauſe'the ptymmet held in the hand 
length of is ſubject to ſwing flawer than the other , therefore the line 
a minute muſt be ſforewhat the ſhorter, which by tryall fiad muſt be 

line for . 3x Inches and att half. 
pc hit Thus:yon mayeafily try your ſelf; For take one plummet 
nute is 31 With aſtring of 38 inches 3, and-fixit tothe rop of 4 Room , 
inches and and take another plummet, and make the ſtring thereof 3r 
atal inches*, meaſuring from the Center of gravity of theplum- 
; met 


_ 4 
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met, and tying a knot at the end of the length (which'ma | 

be as a mark to know where to hold it, alſo] bete you 1n _ -—_ 
holding thereof ) hold this ſtring by this knot between your __ 
the ends of your thumb and | Px nity making it foand fro, 
ſwing as faſt as handſomely you can, without diſturb- ®y with 
ing of the motion, either by too much, or too faſt _— c 
moving of your hand, only with a gentle motion of your you Ted 
hand make the plummet mount always as near as you. can to make the 
the ſame height, ſo that it may make an angle of 5o or 60 Plummet 
degrees with the perpendicular;and thus doing you ſhall find ®v2Js as 
theſe two plummets (though the ſtrings differ thus much) to —_ 
make an equal number of {wings in the like ſpace of time; 1 ſwing to 
that you cannot well make this in your hand {wing faſter nor the ſame 
flower than that which is fixed, but either of them will make "<'8ht-. 
juſt 60 ſwings in a minyte of an hour. 


Pn 


Ih like manner, whereas the ſhorter fixed ſtring was or- 2 minute 
dered beforeto be 9 inches 625 parts, making it 8 inches © Lark 
and long, and tying a knot at the end thereof; if -you hold 370"1055 
this neatly between theend of your thumb and fore-finger, nute is 8 
and make it ſwing ſo that. it, may. mount at each ſiving to inches and 

| | ( \ OT about 2 quarter» 
% 
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about an angle of 50 or 60 degrees, you ſhall find they 'will 
both alike make 120 ſwings in a minute of an hour; and ſo 
ſhew you not onely the ſeconds but evycry half ſecond of 
time very exaCtly. 
Thus this experiment will be moſt eafie and ready upon 
"The con- all occaſions, So that this will be the very beſt way for the 
£luſion of- Sea-mans practice, for having thus once fitted his Minute 
ens CxPe- line (as I may call it) and made a knot at the end thereof, as 


ee a conſtant mark where to hold it; he may carty it to any 
the beit Place of the ſhip where he hath occafion to make obſervation 
way for of the Ships way; and hold it in his hand as well as his glaſs. 
the pra- And hereby alſo having his ſenſe of feeling, as well as his 


ctice 112 fight he may much more eaſily and certainly count the 
| namber of the ſwings, according as by occaſion they ſhall be 
more or leſs, which may ſometimes be 109 or 200, while the 
line is in running out; and the longer the time is, ſo much 
more certainly there will þe of the obſervation, ſo that by 
this meang you need not ſtint your ſelf toa minute, or half 
 minutgas you, mult do, if you uſe the Glaſs.* 
Neither” need.you' fear thatapy ordinary wind will alter 
the motignof Hteplummet, eſpecially if it be of a confidera- 
ble weight, #:z-half a pound, or thereabout : neither will 
the ſwaying oftheShip alter the mation, if it be not in ſome 
great extremity of weather, faxl have tried that you may 
walk up and down, ſingin the phummet in your hand, and 
yet it ſhall keep time-with the fixed one;as aforeſaid. , 
And thus mugkffor the contxivance of tlits concluſion for 
-the knowlaglet of the Time, I ſhall now ſhew yog%how to 
'make uſe &fhe Line therewith. Sa 
In the firſt pace, you may remember that ſhhewed you 
before to make kndtswgon yas, Log-ligeyfat every 30 or 50 
make uſe feer, and ſo many of thale *n out in a half minute, 
of this fo many 100 parts. or ſo many Bo parts of a degree your ſhip 


conufion runs in an hour. Now here you ſee that 30 ſwings of the 
with the 
orginary 
Log-line. 


«© 
3% 


How to 


balf a mipuge,. which I preſume you.will find more'exaCt and 
conſtant, thenmeſt. gjs{les arear can be,-and ſo ynu- may 


make uſc of this congluſwoy inſtead, of aglaſs, yea, you may. 


*Make; or iry your glak hereby, whether it be true or not. 
| But 


longer plummet, ot 66 ſwings of the ſhorter plummer, are - 
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Rilleg in nſing the Log-line, IF 
But fecondly, by this way you have not only knowledge How to- 
cf ihe juſt period of each minute, or half a minute, but of e- av ogy 
very fecond, or lialf ſecond, which you may thus farther im- pace : 
| prove. For if you havea mind to ſet marks an your Ship with the 

fides, 2s I ſhewed bcfore four ſeveral wayes ; all of which ordinary 

depend upon the knowledg of ſeconds of time, which a Parks up- 
glaſſe cannot ſhew you, theſe ſwings being not only to every Ships -- 
{econd, but (if you uſe the ſhorter ſtring) to every half : 
ſecond, will ſhew thoſe ſmall moments of time ſo exactly, 
that hereby you may come to a far greater certainty of your 
ſhips way, than if you ſhould meaſure the time, either by: 
words, numbers, ſteps, or pulſes, or” any other way for-- 
merly thought of, 

But 3dly & laſtly, if you will keep a'good account of your ,.. 
ſhips way it will be needful to- order your lineſo, that you way yl 
may always let as much line run out, as you can with conveni- dering the- 
encey of drawing it in again wi.hout fear of breaking. Now Log-line. 
the faſter your ſhip runs, ſo muchthe more line will you veer 
out at one time than at an other, and alſoſo much the more 
danger there is of breaking your line (when it runs ont too far 
and too faſt.) Therefore it will be the beſt, not to ſtint your 
ſelfto a certain ſpace of time ; (as you muſt do if you uſe the 
glaſſe) but rather.to make your line ofa -govd - convenient; 
length, and let the line alwayes ran out this full length, and 
there ſtop, and ſo obſerve the minutes-and ſeconds of the 
time, which the line is runing out; or (which is all one) the 
number of theſe fwings of the plummets. 

Now to this purpoſe, if you have a mind to reckon your | 
Ships way in miles, or 60 parts of a degree, each mile hath In -— 
6000 feet (according: to: Mr. Norwocas Experiment and way _ 
direion ) now the tenth part ef this-is 600 feet, or x 00 fa- miles or 
thoms. This may be a very fit length for your line. If the minutes 
length run ont in ſix minutes) then the ſhip runs one mile an 22 &* 
hour. If this length run out three minutes, it is two miles an i 
hour ; if in two minutes, It is three miles an hour.. 


For, : 
6 min. to 60 min. £Þ 32 oronemule.. 
ha) 3 Mia, to 60 min. So0Y22 to 22 ortwo miles. 
2 Min. to 60. mM. 23 32 or three miles 


.}£ And 
g 


I6 
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And ſofor any other number of minutes. [But this will be 
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* much more exaCt, if you reckon the running of the line not 


by whole min. but by ſeconds or ſwings;for the ſhip will not 


alwayes run this length in juſt even minutes of time, neither | 
will the hourly motion of the Ship fall out alwayes in equal * 
. miles, or min. ofa degree, and theſe fractions will be more 


eaſily reduced, and your work ſomewhat more exaQly per- 
formed, if you account the Ships way int miles, and hundred 
arts of a mile, rather than in miles and 60 parts. 
T hus if the Ship runs the length of your line, being 600 


Feet, in 48 ſeconds of time,or 48 ſwings of the longer plum- 


met,it is 7 miles 50 parts,or 7 miles and an half ina hour. If it 


run theſe 600 feet in one minute, 20 ſeconds, or80 ſwings, 
jt is 4+ 50, 95%; 4 Miles and an half in ag hour. 


: For» : 
Ay 3 1. to 3600): So 6090 feet, or 35 of a mile, to 750. 
8 


of!, to 3600: So 600 feet, or '> ofa mile, to 450. 


This work is very eaſie, you need but divide 3600, the ſe- 
conds of an hour, by the ſeconds in which the line is veering 

out, and the quotient ſhews the ſhips way 1n miles and ten 

parts: and if you add one place more, -making your di- 
vident 3600, the quotient will ſhew you the miles and hun- 
-Ured parts. 
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| A Table ſhewing the way which a Ship makes, according to the 
minutes and Seconds of Time, in which the Log-line is in 
running out, either in minutes, or hundred parts of a de- 
gree, according to the different length of the Log-line, | 
either 60, or 360 feet. | 
Time. , ſhips way, Time, |/hips way | Time. | ſhips way q Times | ſhips way 
# I | milespis*|/ , 14 |milespts, |/ 4/ miles pts. —7 | milespt os, | 
o 10 | 36 Gfogo| gs oo 4.20 | « :146;141 40] $3 -© 
it | 32 73{] : 41, 8. 98 mz. [$6.07 þ | 3 0% 
i2 | 30 oof 42 | 8 57 | 12 | 5 oo | qg2f 3 52 f- 
[23 } 7, OF GI © 37] 25 [4 293+ 0 Rn 
| 14 [25 753 44} © a8] 14 | 4 36} 44] 3 45 
15 þ 24 of 45 | 3 oo | 15 | 4 8 | 45| 3 42 
| 16 | 22. 5Of 46.4 7. 83 16. ] -4 7 46] 3 39 
i7 þ 21 16f 47.,} 7: 66 | 17. | 4 68 þ 47] 5 36 
18 | 20 oof 4 * 40 18. | 4 62 43] 3 33 
ig | 13 95 49 F727 35} 9 | 4 56 | 49] 3 30 
'- 20 [| 18 oof oo f479 20Þþ 20 | 4 5o | 50] 23-27 
21 17- 16} $3 7. 06 |} 28 4 45 glf 3 24 
22 | 16 36] 4523-4 6. 9s 22 | 4 40 «21 3 2t 
23 | 15 65] 536 79 | 23 | 4 35 | 53] 3 28 
261] 9: Or: EO 4 [4 4 W723 9 
25 | 14 do 55 | 6 55þ 25 | 4 25 | 55] 3 12 
26 | 13 85] 56 | 6 43 26 | 4 20 | 56] 3 10 
| [299 | 73. 330-9740 6-0 E-22 1:49 57} 3 07 
28 | 12 86] 58 | 6 21 28 | 4 10 58]. 3 Os 
29 | 12 41} 59 f 6 10 F 29 | 4 ©5 591 3 03 
30 | 12.0oftco | 6 oo] 30 | 4 oo [2 oof 3 © 
20-1 6 GS 0 3k j 3 gs ot | 2 99 
32 | 11. 25} ;02 4 5 iſ! 239 123 o2| 2 95 
33-| 10 91] oz | 5 72 | 33 | 3 38 | 03] 2 93 
34 | 10 59] o4 | 5 63 34 | 3 84 | 04] 2 go 
35-] 10 234 o©5f 5 54 | 35 | 3 80 05 | 2 58 
36 | 10 oo} 06 | 5 45 36 1 3- 16 06 | 2 = 
27 | 9 72] 07 | 5:37 | 37 | 3 72 | o7] 2 84 
33 9 47] 08 | s 29 3 3 68 O | 2 82 
oO 29 g 23{t:og | 5 21 [139 |-3 64 I2 ogl 2 $80 | 
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Note, if the Log-line be 600 feet long, then the Table ſhews 

the minutes and parts of a Degree, each mile being 6090 
But if the line be 3609: 
feer long, then the Table ſhews the hundred parts of a de- 
gree, and their lefſer hundred parts. 


feet., and 60 miles in one deoree. 


— ne Pen e 


| Time. | ſhips way | Time. \ ſhips way Time. | Ships way 
/ 11 Wilepts, 


/ // | miles pts. / O1 miles Bs | 

ST a2 7 7 01T- 71 | 4' OO 
Il 2 7s $212 ©O091j] -- $2 
12-73 54| 2-07. | 06 
ES F2 i232 05:1 a0 
14 | 2 69 53 | 2 -02 12 
«1 *T 9 15 ©Jj3 -08 15 
16 2 65 y O2 | 1 93 18 
1 Ss 43 Od | 1 -96:] -20 
1s 2 Gr 06 |] I *'ggi] 24 
ig | 2 59 65 | 1 'g92)1| 27 
wi wy. 1] r-90 30 
21] 2 55]. 12 | 1 -$8 33 
= 2 43 14 | 1 $6 36 
ij 2 ©: 61x vs p 
24 | 2 50 15 | t- $2:| . 42 
25 | 2 43 20 | 1 80 4.5 
26 | 2 469: 22] 1- 979%} -48 
27 | 2 45 24 | 1 76] 51 
28 | 2 43 2611 74 54 
29{ 2.41|' 25]1 72] 57 
30] 2 4&0. 30 ]1 70 5 OO 
22-1 2 37 33] 1 58] - 06 
34] 2 34 j. 35] *- 67] "12 
36] 2 32| '39] 1 65|- 18 
33] 2 297] -42] © 63] 26 
$1] 2 25 45] 1 60 30 
q2| 2 23| 4*]t 58 | 36 
44 | 2 20 51117 $6 42 
46 | 2 17 | 54 | 1 54| 48 

24812 14\257|1 52! 54 


Ships wig | 
\miles pts. 
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But becauſe I would make things ag plain and ready asI This Ta 
can, I have calculated this foregoing Table, fhzwing you the wr #42 | 
ſhips way, according to this length of your line, ( viz. 600 ,... 
feet. or the tenth part ofa mile) for minutes and ſeconds, needfui 
even torevery ſecond, where there is any. need. So that to ſare 
finding the number of ſeconds in which the Ship is-running yo much: 
this length of your line in the Table, there yo. ſhall find the - een 

Ships way ready caſt up to your hand in miles and hundred jeyent 
parts for one hour. - Ang having the way for one hour, you miſtakes. 
may by Multiplication or Addition ſoon find the way your 
ſhip makes in 4, 8, 12 hours, or a whole day, 'or any other 
time deſired. | 
Once more, if you will reckon your Ships way in hundred 
.parts of a degree; then there being 3600 feet in one hundred ,,. ., 
part, the tench part of this is 360. And ſo if you make your gt the 
kne 360 feet long, and obſerve how long the ſhip is in Logline 
running this length, and work as before, making uſe of this After this 
Table, (which ſerves for both) ſo you ſhall find the way the JF 32 
ſhip makes in hundred parts of degrees, and their hundred th. ;00 
parts; which will be the moſt exact way of account, and very parts of 2 
ready to beſet off upon yonr Maps and Charts, being for the degree and 
moſt part graduated in Decimals. their parts, 
And thisis ſomewhat the better way alſo, becanſe your 
line need not -be ſo long, as if you reckon in 60 parts or 
miles. 
Lift of all, Kyou have a deſire to make marks by your ſhip To per- 
, fides. Then iff you will reckon by an hundred parts6fa form the 
degree,make your two marks 36 foot aſunder : "Or if you will ſame by 
reckon in 60 parts of a degree, viz. miles, make your two marks up- 
marks 60 foot diſtant ; and ſo. you may reckon the Ships way Ships 0 
dy this following Table. 


A Table 
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A Table ſhewing the way which a Ship makes, according to the | 
Seconds of Time, in which any little thing ſwims by her 
fide, between two marks placed thereen, either in. miuntes or 
hundred parts of @ degree, according to the diſtance of the 
marks. being either 60, or 36. feet aſundex. 

Time. | Ships way Time. | pv _; Bay Time, \ Ships way- 
WY 0. bs pts. 4 44 | miles pts. | 7, | miles pts. 
© 3O 72 OO 10. 30 "3 42 23. OO I 56 
I. CO' | 26 oo Ii OO 3 v7 24 co F 0 
FS 0-71-2& 00 1 20 3-8 25 ©O I 4&4 
2 ©O | 38 oo I2 O0 3 5 26- ©0 8-26 
6 30:1 318 > 124 © 2 88 | 27 © Lk. 392. 
3 ©o | 12 oo | 13 oo | 2 77 23 oo | 1 29 
3 30-1-0 WW | 23:90 |' 2 $9 29. oo | 1 24 
4 ©0 Og: 0.4. 14. 0Q-þ '2 $9. 320 OO I-. 20 
4 30 | 08 oo 14 30 2 48 21 OO 1 16 
Ss co | 079 20 | x5 oo | 2 40 n-00-4 5. $2 
RG NH 1 7.2 33. ©0 I Og 
6 ©o0 | o6 co. | 16 oo | 2 25 34 ©0 1. O06 
6 30. | os. 54 | 16 '30 2 18 -| 5s ©o I 03 
7 ©O:] o5 14 -:| 17. © 2: 2 356 eo | x ©Oo 
008 © 1] 27 30 2 06 | 40 02 O . 9O 
& oo | 04 «<0 | 18. oo | 2 :&0 45 oo | © 50 
8 30 | 04 25 | 19 ©o t 3g. | 51: oo O 70 
$9 ©o | 04. co. | 20. co| 1 8% | 6 oo | o G6 
- 6 30 | 03. 860 | 21 00| 2 52: } 92 © | © «<0 | 
| IO 00 | 02 60 | 22 oo| 3x 64 | 
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And becauſe theſe lines and diſtances are very ſhort, you 

will do beſt to obſerve the time by the ſhorter plummet of 9 
inches 625 parts, ſo you ſhall have two ſwings for every ſe- 
cond of tme which will make your obſervation ſo much the 
more axact. 

And if this way be catefnlly obſeryed, it wilt be as exaQ as 

any other - that hath beenuſed hicherto. All that can be ſaid 
againſt it, 1s : Firft, the ſhortneſs of the diſtance. Secondly, 
dead water by the Ships ſides, which is cauſed by the motion 
-of the Ship. The firſt of theſe, the ſhortneſs of the diſtance, 
this is recompenced by the exact account of the time, which 
may be found by this experiment to the half part ofa 
{&cond. Asfor the deadwater by the Ship ſides; this the 
line is alſo ſubjett to infſome ſort, though not ſo much - as 
"you may perceive by the-eddy and ſtilneſs of the water, a 
good way after a Boat or Ship, which you muſt be careful 
inſome ſort toallow for, when you uſe theline. 

And therefore, when I direct you to have your line 360, 
-Or 600 feet long, you muſt not-underſtand this to be the Caution 
-Jength of your line to be reckoned from the very Log. But tow to 

firſt you muſt take ſo much line, as may let your Log float a 2der the 
good way from the ſhip; that ſo it may be out of the eddy RR of 
and dead water of the Ship ; and here you muſt place your obſerya- 
firſt knot or mark, which you muſt hold in your hand, and tion, 
let it go when you begin to count your minutes or ſeconds, 
and from this knot.you muſt account the ſaid number of feer 
you deſire. | 

There will be alſo another inconveniency, when your line _ Make 
1s long, which ought to be taken care of, and that is, that _ <4 
your line will be ſubject to ſinkin the water, and ſo not to ,reyeur 
veer out {treight. For it having no ſteady hold at the Log, the fink- 
and you being careful not to over-hale the log, and fo bring ing of 
it afcer you, the line will be ſubjeCtto fink, and ſo to veer out, Yr Une. 
too faſt, 

To prevent this, you mult be careful to keepyour line as 

dry as you can, or to uſe ſome means to make'it ſwimupon 
the top of the water ; which, whither it be done beſt by 
 olling or tallowing, or tarring, I leave it ro your experience : 
And it were not amiſs, if you put little corks here and there 


upon 


= 
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upon the line, to make it {wim, if they can be ſo ordered; 
that they may not hinder the running of it out. ty 


Andthus you have the beſt way in uſe for thefinding cf 


the Ships way, which Lhave improved the beſt wayes] can 
ſo that I doubt not but you will find ſome of theſe things: 
worthy your trial and practice, both in- the ordering of your 
line, and in your obſervation of the-time. But yer for all: 


this, both of them: will be ſo ſhort, that a ſmall errour inej-: 


ther of them will amount to much *tn -an hour, and more in 
longer time. _. «+ -- TEES X | 
' The beſt comfort is, that you are not alwayes forced to- 
truſt to this way of .account. For when you-make any con-: 
fiderable alteration of Latitude in your courſe, you may byz 
obſervation thereof correct your errours herein, and by 6b-. 
ſerving how theſe rules agree with ſuch courſes, you will 
know the better how to judge of them, andto uſe them for: 


the future. . 
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Mathematical and Sea: Books Prinicd For, ind Sold by. , 
William Fifher, Bookſeller, at the Antient Shop:by. 


the Poſtera at Tower-Hill : Thomas Paſſenger, 
at the three Bibles -6 London- Bridge : and 
Ralph Smith, af the Bible 7 Cornhil, under the 
Rojal-Exchange, j 


Folio's. 


"TI Marines Map azine ; ſtored with: theſe 


Mathematical Arts, Viz. The Rndiments of 


Navigation and Geometry : the Making and Uſe of 


divers Mathematical Inſtruments ; the Doctrine ot 


Triangles, -Plain and Spherical; Plain, Mercator, and 
Great Cirtle Sailing ; Arts: of Surveying, Gaugimeg, 
Meaſuring, Gunnery, and” Fire Works ; Reahuokns of 
Aſtronomy, 'the Art of Dialing, and Fortification ; 
G—_— with Tables of Logarithms, and many 
other Tables uſeful in' Navization : with an Appen- 
dix of the Penalties'and: Forfeituresby Ads of Parl. 
relating to Cuſtomes, and to Navigation, By Capt. 
Sam. Sturmey. The Third Edition being diligently 
Reviſed and carefully Corre&ted by Fohn Colſor, 
Teacher. of the Mathematicks,.in' London. ITY 
Trigonometria Britanica : -Or, the Dorine of 
Ftiangles:: In'.tw/o Books," containing - the Conftru- 
Aion of the Natural arid Artificial - Simes,, Tarpents, 
and Secants, and Tables of ' Lygarithmes to- 100006 
with: thei Ufeand- Application; Tranſlated-' from 
the\ Patite:iCopy: 4+wimttent by Heary Gelbbrand, 
Pxoleflor of Aſronomy in Greſham-Colledge, London. 
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The Coaſtivg Pilot,deferibing thoSea Grafts of Eng- 
laid, Hol{und,  Nende?3y and France, with the Sands 
and Shoals, Rocks and Dangers, Buyes, Beakons and 
Sea-Marks upon the {aid Coaſts, being furniſhed with 
New Sand-Draughts, arid Sea-Charts, By Johs Setter, 


Quarto's. 


The Mariners New Kalander : By Nathaniel Colſon. 

The Sea-man*s Kalander ; By Henry Phillips. 

The Sca-man*s Pradtice, by Rich. Norwood, 

Norwood”s Doftrine of Triangles, Plain and Spheri- 
cal, with the Application 1n the three kinds of Sail- 
ing ; with Tables of Sines, Tangents, and Logarithmes, 
to I0000; and other neceſſary Tables uſed in Na- 
vigation. The Eighth Edition carefully CorreQed, 
and-much inlarged by the Author before his Death. 
 Prattical Navigation : being an IntroduQtion to, 
the whole. Art : the Third Edition carefully Cor- 
reted ; by F. Seleers. 

The Seamarn's Dittionary, or the Expolition and 
Demonſtration of all the Parts and Things belong- 
ing t0.a Ship : by Sir. Henry Manwating. 

The Steamers. Glaſs, Shewing the. Ule of the 

' Plain Seale in Navigation, A#ronomy, and Dyaliing. 

The m—_ CT cnc. © diriehanivich, 
Geometry, Trigonometry, Navigation, atid d4ſtronomp ; 
by Matthew Norwood, on " 

The Compleat Canoncer, ſhewing: the Principles 
and Grounds 'of 'the Art of Gumwery.; as alſo ve 
ral Fireworks for Ses and Land. 

The Sefegnard Of Seeters, and Pzleps Sea-Mrrounr, 


deſcribing theSey-Coalts of Eng /and, Seonlomd, Hol 
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land, Treland, Denmark, Norway, according to the 
feweſt Waggoner ; with: new Sea-Charts:: a: Book 
very uſeful. - FLAT | 

The Compleat Meodelift, ſhewing how to raiſe the 
Model of any Ship or Veſlel, either in Proportion, 
or out of Proportion, and to find the length andbig- 
neſs of every Rope in all Veſfels exatly, with the 
weight of their Anchors and: Cables, - * The Boat- 
ſwain's Art, or Compleat Boatſwain ; ſhewing the Maſt- 
ing, Yarding, and Rigging of any Ship. By H. Bozd. 

The Compleat Ship-Wright, teaching the Propor- 
tions uſed by Experienc'd Ship-Wrights, according 
to their Cuſtom of Building ; with the drawing of 
a Draught, the making and marking of a Bend of 
Moulds, both by Arithmetick and Geometry ; by 
Edward Bufhnel.” . | 114, 27/0) 

The Geometrical Sea- man, ſhewing the three kinds 
of Sailing, by'the true Sea-Chart, Mercator's Chart, 
and by a great Circle, with two Traverſe Tables 
added : by Henry Phillips,, Author of the ddwance- 
went of. Navigation. _ ut 
Octtavo's. | 


Norwood”s Epitome ; being the Application of the 
Pottrine of Triangles in Plaip, and Mercator-Sailing, 
with Tables of Sines, Tangents, and Lozarithmes,and 
other uſeful Table.in Nawigation. 

An Eyitome of Navigation, containing the Do- 
trine of Plain and Sobnrical Triangles, and their 


Uſe and Application in Plain, Mercator's, and Great 
Circle Sailing ; and alſo in Ffronomy, and Geogra- 
phy, with exaQt Tables of Logarithms, Sines, and 
Tangents ; by H. Gellibrand, 


The 


4th eee Ae 
. 


:*The Mariner *F C ompaſs [Ret#tfeed: A Books farniih+ 
ed with Tables bf Hours. and, Azimuth, *uſcful. in 
Navigation ; Calculated from o depr. to '60degr. of 
Latitude ; with the Ufſe of all Inſtruments 1n Na- 
vigation : by Azdrew Wakely. 


.” Mathematical Manual; by A.:Philips, of Navigati- 
®n; Gunnery, Dyalling, Surveying, Gauging; with 
2 Table of Logarithms, to 2.0000. 


Trwelves. 


An Tafſtirution Mathematical, with exaft Tables 
of Natural and Artificial Sines, Tangents,. Secants, 
and Logarithmes : by John Newton. | 

Therearealſo fold all other forts of Mathematical 
& Sea-Books in Engliſh, or Books dof any other Sub- 
jeds, as ' Divinity; Hiſtory, Poetry, &c. Waggoners 
and Sea-Charts:for' all' parts of the World, all ſorts 
of Paper, and 'Paper-Books, at the cheapeſt Rate al- 
fo" Bibles, or any other Books, Bound-and Claſp'd, 
= _ beſt Writing Ink, Pens, Wax, Wafers, Pen- 
cils, &c. y 


"A LL forts of Mathematical Inſtruments in Sit. 
ver, Braſs, or Wood, either for Sea, or Land, 
are Made and Sold by Walter Hayes, at the Crojs- 
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Dagger in Moor- Fields. 
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